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FOREWORD 


Ihe papers and discussions in this volume were presented at 
the Eleventh Annual Scientific Meeting of the Houston Neuro- 
logical Society, a symposium jointly sponsored by the Society and 
the Department of Neurology, Baylor University College of 
Medicine The participants included scientists engaged in basic 
research in auditory and vestibular function and clinicians con- 
cerned with the diagnosis and treatment of diseases involving 
these systems 

Until recently, research to the basic mechanisms of hearing and 
equilibrium has been an underdeveloped field in which correlation 
of research with clinical practice has been inadequate By bringing 
togetlicr the participants in tins meeting, a deliberate attempt was 
made to short circuit the seemingly inevitable departmentalism 
that has tended to separate the thought of the anatomist and 
physiologist on the one hand, from that of the otologist, audiologist, 
neurologist, and neurosurgeon on the other In view of recent and 
outstanding advances achieved by investigators of the fundamental 
mechanisms of both heanng and equilibrium, the time for such a 
symposium seemed altogether propitious It is hoped that tins 
volume will facilitate communication between the basic scientist 
and the clinician, with the result that improved diagnostic and 
therapeutic procedures will emerge 

Attention must be focused not only on the internal ear, but must 
also be directed to the mcchanrsms of reception, transmission, and, 
interpretation of signals from the special end organs One of the 
least understood and often misinterpreted affections of man is the 
symptom commonly known as “dizziness ” It has become increas- 
ingly clear tliat the mechanisms which produce vertigo arc mani- 
fold and are frequently due to pnmary causes remote from the end 
organ In many persons, vertigo may be related to the complex 
processes which influence the adequacy of blood supply to the 
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neural structures mvoKed in the maintenance of hearing and 
equilibnum Even though the resulting symptoms may simulate 
those created by disturbances in the end organ, before definitive 
therapy can be instituted the therapeutic approach to each prob- 
lem must be based on consideration of many factors We hope that 
the information presented in this publication will provide impetus 
for the dissolution o some of these problems 

w s r 

BRA 
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ANATOMIC RELATIONSHIPS OF THE 
ASCENDING AND DESCENDING 
AUDITORY SYSTEMS 

Grant L Rasmussen, Ph D * 


INTRODUCTION 

X-/ESCENDING connections of the central auditor^’ system have 
been reported at various meetings * ‘ • Accounts of these findings 
appear briefly in abstracts, except for the more detailed description 
of the efferent connections of the cochlear nucleus ® I shall take this 
occasion to review previous findings along with more recent 
observations on the relationship of fibers m the ascending and 
descending auditory systems 

One must know more about anatomical mterncuronal relation- 
ships that evist at the synaptic level between these two systems 
since this knowledge is a prerequisite to securing a basic under- 
standing of the neural mechanism of hearing My endeavor to 
learn more about this mlemeuronal relationship at the synaptic 
level has met, I believe, with some success with the aid of the histo- 
cliemir-al method of Koelle These meager observations will be 
presented at this time with the hope of provoking some cntical 
discussion of these findings 

*Chict, Section on Functjona! Kmrvatatomy, I^iljoraiory of NeuroanalojnjcaJ 
Sciences, National Institute of Ncurologicil Disease* and Blindness, National Insti- 
tutes of Hc.ilth, U S Public Health Service, Dep'U’tmcnt of Hcaltli, Tdiication and 
\Selfare, Beihcsda, Maryland 
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INTRODUCTION 

I Descending connections of the central auditory system hate 
been reported at various meetings * * * Accounts of these findings 
appear briefly m abstracts, except for the more detailed description 
of the efferent connections of the cochlear nucleus * I shall take this 
occasion to review previous findings along with more recent 
observations on the relationship of fibers in the ascending and 
descending auditory sy'stems 

One must know more about anatomical interneuronal relation- 
ships that CMst at the synaptic level between these two systems 
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standing of the neural mechanism of hearing My endeavor to 
learn more about this interneuronal relationship at the synaptic 
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Fig 1 A drawing summarizing efferents of ihe cochlear nerve and cochlear 
nucleus m the cat The line directed toward the ventral pole of the accessory 
olive indicates the course of fibers from the degenerated bundle located next to 
abducent rootlets to the medial preolivary nucleus where many fibers terminate 


THE QUESTION OF A DUAL INNERVATION OF 
HAIR CELLS OF THE ORGAN OF CORTI 
The question of the ultimate termination of the olivocochlear 
bundle is presently being definitclj settled in favor of the idea of a 
dual innervation of hair cells by both afferent and efferent termi- 
nals The idea proposed by Engstrom' that the highly granulated 
endings on the hair cells represent the terminals of the efferents is 
supported by recent expcnmental results with the electron micro- 
2tTid Vne VrA'idcViWSViC-a'i tnttViiMi " TVitrat tlra 

tinctive granulated nerve endings exhibit in elecironmicrograplis 
degenerative changes following transection of the efferent fibers to 
the cochlea Of no less importance arc the light microscope studies 
on histochemically treated preparations Fortunately the efferent 
axons and their endings arc selectively colored and hence differ- 
entiated from the afferents with the more recent modification of 
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Koelle’s method The first application of the original Koelle’s 
method for the study of the efferent innervation of the cochlea 
was made by Schuknecht, Churchill and Doran Tiiey were able 
to demonstrate a marked reduction of staining in Corti’s organ 
following transection of the olivocochlear bundle 

Due to the highei concentration of acetylcholinesterase (AGUE) 
located along the entire length of the efferent a\ons, it is possible 
to trace this type fiber or bundle from origin to termination in 
serial sections of the brain and in whole mount preparations of 
the organ of Corn This author has demonstrated with a modified 
Koelle method that Ihe colot leaies the efferent fibers and endings fiol- 
lorung transection oJlheohioeocMear bundle (Fig 1) Also such prepara 
Uons of the normal state dcmonstiate“ how a small number of 
efferent fibers (approximately 500 m the cat) innervate the vast 
number of hair cells, for example, a single fiber ramifies profusely 
and terminates as large endings on numerous outer hair cells 
This histochemical technique is a unique investigative tool for 
the neuroanatomist 


APPLICATION OF KOELLE’S HISTOCHEMICAL METHOD 
TO THE STUDY OF EFFERENT CONNECTIONS IN THE 
CENTRAL NERVOUS SYSTEM 
In a study of the sections handled by the histochemical procedure 
It became clear that certain fibers of the auditory nuclei also 
stained selectively It may be a coincidental finding, nevertheless an 
interesting one, that fibers which I have previously identified as 
represtjitisjg recisrxesst hbess to JJjc roribJfar nucleus and the su- 
perior olivary complex are selectively colored This leads one to 
consider the possibility that a nerve cell and/or its dendrons receive 
a complement of two chemically different types of innervation as 
do the hair cells 

The evidence for this hypothesis is largely circumstantial and 
remains to be tested expenmcntally As subjects most suitable for 
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Fig 2 Mulupolar cells of (he pos er or entral nucleus \ dely separated b) 
cochlear cfTercnts The dcl> scat cred degenerated fibers are efTerenu from the 
homolateral super or ol e h ch vas destroyed Note the normal synapt c end 
bulbs on the cell body and dendrons Nauta Gygax preparat on of cat \440 


analysts I selected one ty'pe of cell from the cocitlear nucleus and 
one from the olivary complex To be considered first ts a cell 
situated in the most lateral region of the posterior ventral nucleus 
a region in which cochlear nerve afferents from the apical turn of 
the cochlea terminate profusely as end bulbs upon each cyton and 
Its dendrons 

In Figure 2 it will be noted that the cells of this area are widely 
separated by entering cochlear nerve fascicles Tliese cells thus 
facilitate an analysis of dual innervation by cochlear nerve ifTcrents 
and efferents arriving from the superior olive 

I previously demonstrated that the vast majority of the synapses 
disappear from cells m this region following destruction of the 
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apical two turns of the cochlea Second, I know the morphological 
features and characteristic manner in tvhich recurrent fibers from 
the supenor oIinc approach these cells through the fascicles of the 
cochlear nerve Previous experimental studies* which employed 
the axonal degeneration method of Nauta demonstrated the 
efferent connection from the supenor olive to this nucleus When 
one compares a histochemically treated section of a normal cat 
\Mth a comparable area of an experimental animal, a striking 
similarity of morphological features is evndent, as may be noted by 
companng Figures 2 and 3 I find also a comparable condition in 
the cells of the interstitial nucleus of the cochlear nerve which are 
as favorable for study as cells from the posterior ventral nucleus 
These observations lead me to believe tliat the fibers and terminals 
seen m the histochemically treated sections represent efferent syn- 
aptic connections 

Other cells of different subgroups of the dorsal and ventral 
cochlear nuclei also receive a complement of these AChE stained 
fibers The course and charactennic manner of dispersion of these 
fibers as noted in the histochemical preparations are strikingly 
similar to those previously described by Rasmussen,* as the efferent 
fibers of the cochlear nucleus 

The other ty’pe of cell to be discussed as an example is the multi- 
polar cell located along the medial aspect of the accessory olive 
The majonty of these cells are medial to the dorsal pole of the 
accessory olive They have been previously determined as the cells 
of origin of the olivocochlear bundle • On the basis of numerous 
experiments in which the Nauta method was employed, it would 
apjDear that these cells are connected with fibers from at least two 
sources One source is the cochlear nucleus, the other is from higher 
auditory centers which may be regarded as efferent m nature Un- 
like the cells of tl e postenor ventral nucleus which receives rela- 
tively few terminals of the AChE type, the multipolar cell exhibits 
the reverse condition, it is predominantly covered with synaptic 
endings after histochemical treatment (Fig 4) 
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tig 3 Cells of ihe posterior ^eniral nucleus of cat showing the staining of a few 
fibeis and their terminals on the cell bod\ Terminals are exhibiied best on the 
left side of the uppermcst cell Modified Kcelle method on formalin fixed tissue 
and counter stained wtih Thionm \400 


The other complement of endings, much fewer in number, arise 
from tl e cochlear nucleus According to a\ona] degeneration 
experiments, these fibers travel via the intermediate stria known as 
Held’s commissure The cells of the trapezoid nucleus neighboring 
the multipolar cells possess scarcely any of the brown colored end- 
ings and fibers 

The selective staining is constant from one animal to the nc\t of 
the same species It should be mentioned that fibers winch arc 
colored by the Koelle method arc not found exclusively in the audi- 
tory system, on the contrary, they arc present and widespread in 
other systems as well This part of the presentation is to be con- 
sidered as a preliminary exploration of the question of inlcr- 
neuronal relationship between the ascending and descending sys- 
Jems of neurons 
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Fig. 4. Multipolar cell which gives origin to the O C bundle showing dendrons 
covered with terminals colored by the Koelle method Note the large round cell 
body of nucleus of the Craperoid body which is relatively free of the AChC type 
syrrapsey Jrozim srowrr rfuiir cai; twrrmjrettrareu' « iViV TPtttJirm -Wijl? 


DESCENDING AUDITORY PATHWAYS 
Corticofugal Connections 

Tavo descending pathways are recognizable in the experimeniaJ 
material handled by the Nauta method, both of which originate 
in the auditory cortices (Areas Al, All, EP and insular cortex). 
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The better known corticofugal fibers descend within the classical 
auditory pathway, namel>, the auditory radiation and the brach- 
lum of the inferior colliculus A corticogcniculate connection has 
been known for a Jong time Rcccntlj, Walther and Rasmussen’* 
described the corticogeniculatc connections originating from the 
various auditory cortical areas The most significant finding was 
that all parts of the medial geniculate body receiv e a certain pro- 
portion of corticofugal fibers from each area, except the caudal 
half of the superior lobe of Cajal With the Nauta method, no 
corticofugal fibers have been observed to terminate in this part of 
the geniculate body, neither does this portion of the geniculate 
receive direct connections from the infenor colliculus as formerly 
believed * The relationship of the superior and caudal parts of tlie 
media! geniculate to the inferior fobe of Cajal which receives all 
the ascending fibers from the inferior colliculus is shown in Figure 5 
The longest fibers of this group terminate bilaterally m the nuclei 
of the inkrior colliculus, a few extend as far as the dorsal nucleus 
of the lateral lemniscus A significant number of fibers, however, 
terminate on cells located all along the border of the brachium 
I shall speak of this cell column as the nucleus of the brachium 



Fig 5 Model of the right medial geniculate bodv of cai Reconjiructcd from 
serial sections of Nauta preparauons following destruction of Uie inferior colli- 
culus Left figure is a lateral view to show the relationship of the dorsal (superior) 
lobe, which fails to exhibit fiber degeneration and the inferior lobe of Cajal 
which receives the fibers from the infenor colliculus Right figure shows the 
medial aspect of inferior lobe The dorsal lobe has been removed The rostro- 
dorsal part of the medial geniculate bod) is not shown 
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iis term includes the numerous spindle-shaped cells among the 
)ers of the brachium since all are morphologically similar 
[though this has not been usually recognized as an auditory 
icleus, It should be because it is most intimately connected with 
lers of both auditory systems 

Another corucofugal pathway heretofore unrecognized (so far 
; I know) possesses a certain proportion of fibers which connect 
ith the auditory nuclei of the brain stem, namcl> , the nuclei of the 
rachium and the inferior colliculus The majonty of the fibers of 
us bundle terminate in diverse nuclei of the midbrain In the 
iidbram this bundle is located lateral to the temporoponUne tract 
f the basis pedunculi It consists exclusively of small myelinated 
bers that originate in all auditory cortices as well as m other 
ortical areas The AI area apparently contributes fewer fibers than 
ocs either the postenor ectosylvian gyrus or the insular cortex 
At a level corresponding to the caudal pole of the medial genicu- 
ate and in the region of the supra- or pen-peduncular nucleus, 
ibcrs leave the compact bundle for diverse parts of the midbram 
These regions include the nearby suprapeduncular nucleus of 
^a]al, the tectum of the superior colliculus, and the pretectal 
lucleus The remaining fibers become associated with auditory 
itructures by turning abruptly dorsad at a level corresponding to 
ilie transverse peduncular tract These fibers pass through and 
around the medial and lateral borders of the brachium Some of 
the medial fibers descend and terminate in the nucleus of the 
brachium as well as m the reticular formation medial to the medial 
lemniscus and more particularly in the lateral mesencephalic nucle- 
us The majority of these fibers course in the dorsomedial part of the 
brachium to the dorsal fibrocellular la>er of the inferior colliculus 
Most of the fibers terminate about the small spindle-shaped cells 
of the same side, thercmainder cross through the dorsalmost pan of 
the commissure and terminate m a corresponding area on the 
opposite side 

Descending Fibers of the Inferior Colliculus 

Tlie lesions of the inferior colliculus iilnch dcstroj its central 
nucleus, including the nbroccllular capsule cnv elop.og the central 
nucleus produce two streams of degeneration A lateral one posses- 



Fig 6 Degeneration of the tectobulbar tract (sagulum area) at level of the 
trochlear nerve decussation Note the fibrocellular structure The inferior col 
liculus was destro>cd Nauta preparation of cat X320 


ses the greatest number of fibers and another with fewer fibers 
courses medially in the lateral lemniscus The lateral bundle 
descends m the tectobulbar tract of old terminology, a fascicle 
which carries descending fibers from the tectum of the superior 
colliculus (Fig 6) Apparently the auditory fiber component takes 
Its origin from cells in the fibrocellular capsule and the lateral 
nucleus of the inferior colliculus (Fig 7) The cells are mostly 
spmdW shaped The fibets of the desecndtng traet are of ondoTtnl'; 
small caliber the axons measuring one micron in diameter 

The degenerated fibers resulting from destruction of the inferior 
colliculus terminate parti) in the lateral pontine nucleus, and the 
remainder are traceable as a compact degenerated bundle along 
the lateral aspect of the corticospinal tract through the pons At the 
caudal border of the pons, this discrete bundle is located between 
the lateral margin of the pyramidal tract and the abducens ner\c 
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opposite side A conspicuous number of fibers on the same side as 
the lesion continue laterally to enter the ipsilateral dorsal cochlear 
nucleus The termination of the bundle was described in detail by 
Rasmussen * 

The more medial fibers emanating, I belie\ e, from the nucleus of 
the inferior colliculus, but perhaps as well from the dorsal nucleus 
of the lateral lemniscus, enter the superior olivary region as de- 
scribed earlier * The cells of termination of the lateral fibers (which 
may be designated as the tectosuperior olivary tract) are morpho- 
logically different from the large multipolar cells located medial to 
the accessory olive The cells of the medial preoJivary nucleus 
range m size from small to medium A conspicuous amount of 
degeneration is found in this cell group following lesions of the 
lateral part of the inferior colliculus (Fig 8) 

The fibers of the medial and lateral group e\ entually intermingle 
m the medial preohv ary area in the caudal one third of the olivary 
complex Formerly, I thought that it was the medial fibers e\ 
clusively that continued beyond the olivary complex to the cochlear 
nucleus However more recent study convinces me that it is the 
lateral fiber group which chiefly supplies the dorsal cochlear 
nucleus with e/Terencs 

The fiber component of the tectobulbar tract emanating from 
the superior colliculus has a different destination, none of its 
fibers terminate in the medial prcolivary nucleus after destruction 
of the upper colliculus 

On the basis of the foregoing observations there appear to exist 
two descendintr oathwavs possessing different morpholt^cal 
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The foregoing description of descending pathways of the audi- 
tory system represents only a brief review of the mam anatomical 
features There remains much that could have been said about the 
anatomy of both ascending systems and undoubtedly there is a 
great deal yet to be disclosed 

The question of auditory connections with the reticular formation 
might well have been included in this presentation As a general 
observ ation it can be said that the anatomical ev idencc supports the 
idea of such connections existing along the full extent of the audi- 
tory pathways in the brain stem There appear to be two modes of 
interconnection one by means of long dendrites of multipolar 
cells of reticular formation which extend into the auditory nuclei, 
the other, a reverse situation, by means of collaterals or whole 
fibers of ascending neurons which extend into the reticular forma- 
tion to synapse 

Furthermore one finds in the literature numerous physiological 
experiments which deal with the functional role of the descending 
auditory system Many of these interesting investigations could have 
been discussed in the light of the anatomical observations I choose 
to leave this to the neurophysiologists who arc better qualified to 
interpret the results 
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DISCUSSION OF CHAPTER I 
Dr. Peter Kellaway, Houston, Texas* Thank )ou Dr Ras* 
mussciijfor this interesting and intimate tour of >oiir csploraiions 
of the auditory systems One cannot help being imprewd \Mth the 
diligence and single mindedness that >ou have shown in the 
development of jour remarkable material 

I VNOuId like to ask Dr Robert Galambos, who was one of ilie 
first, if not the first to stud> the functions of the elTcrcnt systems, 
to open tlic discussion and to give us the benefit of some of Ins 
experimental work witli tlic auditor) mechanisms 

Dr. Robert Galambos, New Haven, Connecticut: I certainly 
agree, Dr Kellaway, tint these anatomical demonstrations of Dr 
Rasmussen arc among the most elegant tint exist today His dc- 
sclopmcni of new techniques and tic t_\plouaiion of old ones 
illustrates that chssical anatomy is far from a dead subject He has 
shown us that not everyone needs an electron microscope to do 
good anatomical work 

It IS always a pleasure to listen to Dr Rasmussen, for as he 
discovers more and more details about thccnTcrcnt auditory system 
lie provides physiologists witli ever newer idcis to test Funda- 
mcnnllv, the idea he convevs is that a dual innervation exists for 
c.ich rclav station m the .acoustic pathway \n auditory cell is 
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activated not only by impulses coming in from the coclilca and 
flowing toward the cortex but also by internally generated messages 
which influence negate modify, and change the activity-produced 
penpheral stimulation 

ft IS not difHcuft to demonstrate that this double innervation has 
physiological significance Some years ago ue applied shocks to (he 
Rasmussen bundle where it crosses the floor of the fourth ventricle 
on Its way outward toward the cochlea (Galambos, R J Xeuro- 
physiol , 19 424 437^ 1956) In this way a flow of nerve impulses was 
caused to move outward from the brain and to pass by way of the 
bundle of Oort into the hair cell region where the efferent bundle 
terminates While this was taking place, click stimuli were being 
presented to the ear, thereby generating impulses in auditory 
nerve fibers carrying impulses into the brain in the uell known 
manner The question of what happened when the outgoing im 
pulses impinged upon a cochlea undergoing normal stimulation 
was readily answered by the experiments, the click produces less 
than the expected amount of auditory nerve activity Impulses in 
Rasmussen s efferent olivocochlear bundle inhibit excitation of 
afferent fibers under these circumstances 

Some of the more recent developments by physiologists working 
with Rasmussen’s descending or e/Terent pathways siiould f>c 
mentioned here also The recent von Bekesy memorial volume of 
The Journal of the Acoustical Society, vol 34, 1962, contains 
important papers by both Desmedt and Pfalz Desmedt summarizes 
his extensive contributions and shows that the reduction in auditory 
nerve activity produced by olivocochlear stimulation is reflected 
quantitatively in diminished activity all along the length of the 
auditory pathway Pfalz demonstrates that activity in a given 
coclilear nucleus can be reduced if sounds are applied to the op 
posite ear, a phy siological fact for which a nervous pathway similar 
to if not identical with those about which Rasmussen speaks must 
be postulated 

Tlie work of Tex is particularly noteworthy (Rer, J Ac/a 
Physiol , Scand {SuppUmentum 1S9) Sn 5 62, 1902) He has recorded 
from single efferent fibers with microcJectrodes and demonstrated 
their sensitiv ity to sound stimulation He has also plotted tlic effect 
of stimulating efferent fibers with sharks upon activity m single 
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auditory nerve afferent fibers, demonstrating once again that the 
only physiological effect of the efferents is inhibition of afferents 

Most recently, Massopust and Ordy (Massopusl, L C and Ordy, 
J M Exp Xeurol , 6 465-477^ 7962)y recording electncal activity 
at the inferior colliculus, produced responses with acoustic stimuli 
which could be abolished by electrical shocks to the cortex They 
seem thus to ha\e demonstrated m a simple experiment the in- 
hibitory interaction between Rasmussen’s efferents and the classical 
afferents at the midbrain level 

Much has been written regarding the possible clinical sig- 
nificances of the efferent auditory fibers {Ltiingslon, R B Handbook 
of Physiology y published by the American Physiology Society, 1959, lot I, pp 
741-760) Since they inhibit auditory activity, these fibers of Ras- 
mussen have often been thought of in connection with auditory 
attention and auditory learning As yet relatively few expenments 
clearly designed to settle these clinically oriented questions have 
been published The results of some of these expenments indicate 
that the efferents are involved m aiieniion {Altman, I A Fiziot 
Zh SSR Sechenov , 46 526-536, 1960) while others do not {Galambos, 
R , in Rasmussen, <7 L , and IVtndle, IV F, eds Pt'eural Mechanisms 
of the Auditory and Vestibular Systems, Sprinsfeld, Thomas, 1960, chap 
10, pp 137-151 ) It is therefore difficult to present a clear picture, 
sohdiv based upon experimental e\idence, of the role these fibers 
play in clinically important situations where hearing is involved 

Dr. Alf Brodal, Oslo, Norway. I would like to congratulate 
Dr Rasmussen on his beautiful preparations and the results of his 
meticulous studies I would like to bnng to attention his achieve- 
inem with the cholinesterase method I cannot recall having seen 
beiore such excellent pictures obtained with this method This, of 
course, is due to his extreme care in using the method 

I would like to ask one particular question concerning an item 
which IS somewhat peripheral to the subject under discussion Dr 
Rasmussen, in one of your pictures you showed the efferent cochlear 
bundle passing intact, dorsal to the spinal trigeminal nucleus, and 
It was stained with the cholinesterase method Do you have any 
information as to whether the efferent fibers to the vestibular 
apparatus pass along the same route as the efflrcni cochlear fibers’ 
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If you can identify them, do these as uell as the cochlear fibers 
stain positively with cholinesterase’ 

Dr Grant L Rasmussen, Bethesda, Maryland* I am glad that 
you asked this question since I neglected to clarify this point when 
demonstrating the intramedullary course of the efferent cochlear 
bundle in the color photomicrograph of a section prepared by the 
histochemical method It should have been mentioned that a 
certain proportion of the positive stained fibers coursing in the 
vestibular root represented efferent vestibular fibers Since both 
cochlear and vestibular efferent fibers exhibit similar positive 
staining properties following the AChE technique, and since botli 
groups course intimately together, it is impossible to distinguish one 
from the other in this bnd of nonexperimental treated material 
We have, however, two pieces of evidence supporting my answer 
to your question First, the relative size and course of each efferent 
component within the intramedullary vestibular root has previously 
been determined from Nauia Gygax preparations of experiments 
in which 1) all efferent cochlear fibers were destroyed in the 
medulla, and 2) both efferent components were totally severed at 
the site where they pass as a single bundle over the dorsal pole of 
the trigeminal root In the latter expenment the size and course of 
the degenerated bundle is comparable to that seen in the histo 
chemical preparation Second, the view that the efferent vestibular 
fibers stain positively, as do the efferent cochlear fibers, is based on 
established evidence For example, it has been demonstrated that 
certain pretcrminal fibers and their terminals m the receptor 
organs of the vestibular apparatus stained positively after the 
Koelle method {Dohlman, G F , in Rasmussen, G L, and U’lndle, 

W r eds Neural Mechanisms oj the Auditory and VesUbular Systems, 
Springfield, Thomas, 1900, chap 19, pp 2aS-27o ) Furthermore, this 
stainmg reaciion w lost after severing the efferent bundle in the 
medulla oblongata (unpublished findings of the author) 

Dr. Alfred C. Coats, Houston, Texas: Dr Rasmussen, m 1960, 
Ruben and SepuJa reported that stimulation of the bundle at ns 
decussation resulted in suppression of cortical-ev oked potentials as 
well as auditory nerve action potentials Further, the<e workers re- 
ported that the threshold for cortical suppression was significantly 
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lower than the threshold for auditory nerve suppression This stud> 
immediately brings to mind the question Is this truly a descending 
system’ I do not scnously suggest this as a possibility, but it could 
be that they were getting suppression of primary potentials arising 
from apical turns which they sverc unable to observe with their 
round window electrodes However, I mention this study because 
I think it would be interesting to have your opinion regarding the 
anatomical criteria for identifying the efferent fibers 

Dr. Rasmussen: My experimental studies based on the axonal 
or myelin sheath degeneration methods clearly demonstrate that 
all of the decussating olivocochlear fibers located between the 
facial genua descend to the coebJear nucleus and the cochlea 
In no case have ascending degenerated fibers been observed passing 
to higher auditory centers after iransections of the decussating 
fibers 

Dr. Kellawayj I sec that Dr Robert Ruben is in the audience 
Dr Ruben, I would like to have your opinion regarding Desmedt’s 
recent observations concerning your physiological experiments on 
the olivocochlear bundle 

Dr. Robert Ruben, Baltimore, Maryland: After reading Dr 
Desmedt’s article, I reviewed the serial sections of our electrode 
placement in and around the olivocochlear bundle Following that 
I wrote a letter congratulating him upon an excellent experiment 
which gave the correct explanation for our observations 

In the experiments which we did in Baltimore five years ago, we 
were stimulating the olivocochlear bundle and also the second and 
third order neurons of the pnmary auditory pathways We did not 
observe inhibition We observed only the effect of stimulating the 
cortex while it was still in its refractory period I am very grateful 
for this opportunity to say publicly that Dr Desmedt’s elegant 
experiments gave the correct explanation for the observations 
which wc had made 
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THE PHYSIOLOGY OF THE PERIPHERAL 
HEARING MECHANISM* 

Ersest Glen ^\ever, Pk D 


I HE process of hearing can be considered in tuo stages 1) pen- 
pheral, from the entrance of ua\es of sound mto the ear to the 
responses of the cochlear nerve, and 2) central, including the 
several higher levels of nerve activities leading to the production of 
auditory experiences M> part in the present sjuiposium is a dis* 
cussion of the first of these stages More particularly, 1 shall deal 
with the processes by which information contained m the physical 
stimulus IS handled and coded in the ear and presented to the 
auditory nervous centers 

The first part of this peripheral activity is simply mechanical 
the reception of sound waves and their transmission inward to 
the cochlea to set up excitatory processes in the sensory cells In 
this transmission the vibrations are subject to certain distortions 
arising out of the particular vibratory characteristics of the middle 
ear mechanism, so that the patterns impressed upon the sensory 
endings of the cochlea depart m some respects from those existing 
in the aerial waves 

We recognize three general forms of distortion, namely, fre- 
quency distortion, phase distortion, and amplitude distortion, and 
under suitable conditions we can find all three of these in operation 
vvithin the ear Frequency distortion manifests itself as a variation 
in the effectiveness of tones of different frequencies, the ear re- 

•From the Auditory Research Laboratones, Department of Psychology, Pnnccton 
University This study v»as aided by grants from the National Institutes of Health 
and by a contract with the Office of Naval Research 
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Fig I Sensitivity curves for four speaei of animals marmoset cat pigeon, and 
turtle, as shown by the cochlear potentials Each curve represents the sound 
pressure, in decibels relative to 1 dyne per sq cm , required to produce a response 
of f ttiKTOVok at the frequencies indicated 


spends readi]y to some tones and Jess readiJy, or not at all, to 
others Accordingly, a complex sound or a noi«e, winch is a com* 
posite of many frequencies, wtll be altered in composition as it 
passes through the ear As we know, the human ear js most sensi- 
tive in the middle range, and it rapidly fails as we move toward 
the extreme high and low frequencies These changes arc due in 
part to the mechanical characteristics of the system and in part 
to neural factors Figure ! shows cochlear potential curves for four 
species of animals, and the variations among these reflect the dif- 
ferences in frequency sensitivity 

Phase distortion can be considered as variations in the trans- 
mission time of tones of different frequencies Because these times 
vary, a complex sound will show alterations of the phase relations 
among its components, and the wave form will be changed ac- 
cordingly Such changes may modify our auditory experiences, 
because the ear is responsive to wave form as such, as ably dem- 
onstrated by Koenig' as long ago as 1881, and further revealed in 
several experiments such as those of Mathes and Miller * If, for 
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Fi| 2 The effects of phase on wave form The two curves were obtained b> 
sounding three pure tones s multaneously first m a phase relation giving the 
effect of an amplitude modulation and then with the phase of one of these 
tones changed 90 degrees to give an approximate frequency modulation 


example the phase changes introduced by the middle ear* are such 
as to alter the wa\e envelope from a smooth contour to an angular 
one the timbre of the sound will be changed from continuous and 
smooth to fluttering and rough (Fig 2) 

Amplitude distortion appears in any transmission system when 
the acting forces become so great that the displacements arc no 
longer proportional to these forces but are nonlinear This is the 
most senous of the three forms of distortion because it produces 
the most noticeable changes in the character of sounds Single tones 
become complex through the addition of overtones, and pairs or 
groups of tones are complicated by the appearance of other fre- 
queetaes fi?aes 

This form of distortion is easily demonstrable in animal ears by 
means of the cochlear potentials The solid line of Figure 3 shows 
results obtained in a cat with a stimulating tone of 1000 cycles per 
second when the intensity was raised to extreme levels 

IVe need to consider the possible sue of origin of this distortion 
Several attempts have been made to locate the nonlinearity in tlic 
meclianica! processes of conduction Helmholtz' suggested the 
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Fj» 3 Aural distoruon measured 1) m the sounds passing out of the round 
window and 2) m the cochlear potentials The stimulus was a pure tone of 1000 
cycles presented to a cats ear through a tube m the external auditory meatus 


middle ear as a likely stte, and especially the actions of the drum 
membrane and tlie mancomcudal joint Schaefer^ believed that 
distortion might arise in the movements of the cochlear fluids 
B^k^sy’ mentioned two possibilities, an cdd> motion m the cochlear 
fluid, and an altered mode of motion of the footplate of the stapes 
when vibratory amplitudes reach excessive magnitudes Zurmuhl’’ 
postulated a nonlinear action of the basilar membrane Thus the 




28 /^Neurological Aspects oj Auditory and Vesitbular Disorders 

suggestions for mechanical sites seem to co\er all aspects of the 
conductive process 

A number of experiments ha\e been earned out in our labora- 
tories to test these possibilities * Several procedures hate dealt with 
the middle ear as a site of distortion processes In measurements 
made on cats, we found no significant changes m the pattern of 
harmonics arising in the ear when the conductive system uas intact 
and after we had eliminated the middle ear up to the stapes A 
further procedure tested the middle car structures and also the 
mechanical processes in the cochlea by recording and analyzing the 
sounds passing out of the round window during stimulation m the 
ordinary way In most of the ears studied m this manner, we ssere 
unable to detect any distoruon at all in the round window sounds 
In two cats out of a large number examined, positive indications 
were obtained Results for one of these animals arc shown m 
Figure 3 by the dashed curve It will be noted that for the first 
part of the miensity range the distortion represented here, even m a 
specially selected ear, is considerabl> below that observed m the 
cochlear potentials At the extreme levels the mechanical distortion 
exceeds that shown b> the cochlear potentials, but here the han 
cells have passed their limits of potential production, and are being 
exposed to serious injury It seems evident that those mechanical 
processes that are closely coupled to the fluid movements produce 
little or no distortion in the majority of cat ears, and even m ex- 
ceptional ears they produce amounts that are small m relation to 
other cochlear processes when the le\cl of stimulation is within 
physiological limits * 

VVe need to look further for a cochlear structure that is only 
loosely coupled to the basilar membrane, one that could suffer 
distortion in its motions without communicating the effects to the 
membrane or the cochlear fluid Such a structure is the column of 
the Deiters cell, a long, thin, cuticular rod with the foot resting on 
the basilar membrane and the head expanded to form a cup sup 
porting the base of an outer hair cell These structures stand in 
rows on the surface of the basilar membrane, one for e\cry outer 

•It cm be argued that tHo mechanical distortion proccaiM could exist, but might 
produce distortion products out of phase with one another so as to cancel one another 
out I do not regard this as likely but U is a poss bdity 
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Intensity dynes per sq cm 

tig ■< Intensity funccioris m ihc ginea | g car before a d after injury to tie 
I T r ccllj b> ovpwi inulai oo \ >i)» sounds 

Inir cell If for lii^c disphcetncnts of the hisiJar ritcmbrinc these 
columtis ^rc subject to Iwndini; the result vvjII be to introduce non 
lnicnnl> into ibc moWons coromumc Med to i\\c h-xir cells 

A second possible ‘'ourcc of distortion is the hiir cell itself Non 
hue int> prob^bl> inscs m the clcctromcch inical process b\ nliicb 
\ibritor> mottons arc com cried imo ckcincnl diaries as seen in 
the cochle ir potentials 
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There is experimental evidence faxonng one or both of the abo\e 
forms of cochlear distortion When a guinea pig’s ear is o\er- 
stimulated b> sounds so that a moderate injury occurs and the 
cochlear potentials are depressed by 10 db or so, the intensity func- 
tion has been found to show linearity at sound levels that formerly 
produced nonlinearity (Fig 4) * We know from histological studies 
tliat injury of this degree damages only the hair cells and leaves the 
other structures of the organ of Com intact The reduction in dis- 
tortion therefore is to be explained by the taking out of action of a 
number of hair cells, those lying in the region of greatest ampli- 
tude of motion and which formerly were contnbutmg largely to 
the distortion 

There is reason for accepting both of the above possibilities as 
distomon sites Two sues are indicated by the fact that the distor- 
tion effects as seen in the cochlear potentials are unstable, changing 
rapidly from time to time in both amplitude and phase Two sues 
of distortion would produce this instability if the products were 
sometimes m phase agreement and thus additive, and sometimes 
m phase opposition and thus subtractive 

THE MOVEMENTS OF THE BASILAR MEMBRANE 

Let us examine more closely the processes occurring in the 
cochlea The vibratory motions of the ossicular chain are trans- 
mitted to the footplate of the stapes and appear as alternating 
pressures exerted upon the cochlear fluid Because there is a yielding 
place at the tympanic end of the cochlea provided by the round 
window with Its thin membrane, the fluid can move in response to 
these pressures The basjJar membrane with its sensory structures 
lies m the path between oval and round windows and is exposed 
to the fluid motion 

If the round window is occluded the motion of the basilar mem- 
brane IS reduced No doubt a complete closure of this window 
would prevent the motion altogether Such closure is difhcult to 
accomplish experimentally because the volume displacement of 
the fluid IS minute ev en for the loudest sounds, and a small amount 
of yielding at the round window is sufTicient to give practicallv 
complete freedom of motion of the fluid In one scries of expcri- 
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Tig 5 R«liiciions in sensiti\ii\ of a cais^ar as mtasitrrd b> ihc cocblnr po 
tcniials as a result of blocking round window with wax 


ments'* a careful pnekmt’ of ihc cats round window niche with 
wax reduced tlic transmission bysignilicaiti amounts, varying as a 
function of frequenej from about 25 db for the low tones to 5 db 
for the high tones (Fig 5) More recent experiments hate given 
similar results '* '* '• 

Stimulation of the sensory cells of the organ of Corn is produced 
only by movements of tlie basilar membrane Jt is not produced by 
pressures exerted directly upon these cells This fact was shown by 
cxpenments'Mn winch tones were presented simultaneously at 
both oval and round vMiidows and tlicn varied in amplitude 
and phase When applied at amplitudes that were equally cfTective 
(as measured by the cochlear potentials) and at phase relations 
that caused tlie two stimulations lo coumcracl one another at tlie 
basilar membrane so as to produce no motion of the membrane, the 
coeblear potentials fell to 7cro Yet tins condition is one in wlncli 
the hair cells, along nith all other cochlear structures, arc exposed 
to a maximum sound pressure, which is tlie sum of the pressures 
exerted at the ivso windows (Fig 6) Clearly these cells do not 
respond to pressures as such but only to displacements that are 
communicated to them by il c basilar membrane 

Under usual conditions of stimulation the pressure discharge 
from oval window to round window taA.es a complex form because 
the basilar membrane, which lies across this path of discharge, has 
progressively V arymg properties along its length It vanes in width, 
m the size of the sensory' structures lying upon it, and m its stiffness 
Of these, the stiffness is probably the most important differentiating 
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Fig 6 Sounds applied simulianeouslv at o\al and round windows have contrar) 
ciTccis on the basifar membrane as indicated bv the arrows 


feature and Bekcs>‘* found it to \ar> m the higher mammaU 
about 100 fold from basal to apical ends Because of this difrcrcnti* 
ation of ph>sical properties the patterns of displacement of tlie 
membrane \ar> with the frequency of the tones acting upon it 
Though all tones ha\c effects extending throughout the cochlea, 
the high tones produce displacements that are reJati\cI> large near 
the basal end and mucii smaller toward the apical end, whereas the 
low tones produce more general effects with their maximums in the 
apical regions 

The membrane displacements, as Bekes^'^has shown b) direct 
observation have the form of traveling waves that begin at the 
basal end of the cochlea and move apicalward, vaiymg in ampli 
tude as the> progress along this path The form of these waves 
depends in considerable measure upon the coupling betweer 
different parts of the basilar membrane This coupling is of two 
kinds that afforded by the continuity of the membrane itself, and 
that produced by the surrounding fluid \\c do not yet know the 
relative magnitudes of these two kinds of coupling, though the 
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point IS of considerable theoretical interest There is little doubt 
that the coupling vanes in different regions of the membrane, and 
that the direct membrane coupling is greater in the basal region 
where the membrane is narrow and stiff, whereas die fluid coupling 
probably increases in the apical region as the cross section of the 
cochlea diminishes In some auditory theorizing it has been sup- 
posed that the wave of displacement along the basilar membrane is 
determined solely by the membrane itself once the most basal 
region has been set in motion Tins uould mean tliat the regions 
beyond the basal end derive tlieir eneigy of motion from the por- 
tions of the membrane immediately basalward, in the same manner 
as a rope that is shaken at one end will e\lubit \vaves progressing 
to the other end Thus, the surrounding fluids would not communi- 
cate motion to the membrane except at the basal end, and else- 
where would only impose fnctional restraints upon the wave 
motion 

This View seems to be an oversimplification of the situation 
and is inconsistent with a consideiable amount of evidence The 
histological study of cochleas obtained from persons whose hearing 
had been tested a short while before death reveals many instances 
m which the basal portion of the basilar membrane had become 
heavily calcified, and yet the liearmg was within normal limits for 
all low and intermediate tones *• If vibratory motions were com- 
municated to the basilar membrane only at its basal end, such 
persons would be totally deaf 

Guild*® mentioned a condition seen postmortem in a human 
temporal bone in which an aberrant blood vessel connected the 
midportion of the basilar membrane to both the bony spiral lamina 
and the bony septum between apical and nuddle turns of the 
cochlea Such a connection should damp the traveling wave and 
prevent its passage in the apical direction in a normal fashion if its 
travel depends solely upon an energy flow along the membrane, 
yet this person before death had normal hearing for low tones A 
similar anomaly has been noted in the cochlea of a cat whose ear 
had been tested and found normal by both conditioning and 
cochlear potential methods (Fig 7) 



Fig 7 Photomicrograph of a scci on from ihc middle turn of a cats cochlea 
showing an aberrant blood scssel connect ng the m dporiion of the basilar mem 
brane with boil the lateral cochlear wall and the bony partition between middle 
and basal turns From experiments carried out by W E Rahm \V F Strother 
D E Parker andj F Crump*® 

Lcgoui\*‘ observed that touching the basal portion of the basilar 
membrane of the guinea pig witli a hair produced a change m 
cochlear potentials as recorded from a pair of electrodes in the 
basal region but did not alter the potentials recorded from a pair 
of electrodes in the apical region From all this evidence it seems 
clear that the propagation of the tmvcling wave up tlic cochlea 
represents an interaction between membrane and fluid and that 
(he energy’ driving (he membrane it any' pKJint is derived jointly 
frerm the \50TticnTig t/S iVic membrane nnii from the wv 

rounding fluid 

AUDITORY NERVE RESPONSES 
How the frequency and intensity of acoustic stimuli become 
represented in the auditory nerve action and the forms in which 
they arc commtimcatcd to the higher centers to determine the 



} " I n om cryRraj h of a seaion from the middle turn of a cal » cochlea 
th a aberrant blood sessel connect n; the mid{>oruon of the batilar mem 
I rane m ill b( tl il e lateral coci tear uall and the bon> partition beitvcen middle 
andlaulium* From experiments earned out b) \\ £ Rahm W F Strother 
D E Parser andj F Crump** 

J-iCv,out\ oltscncd ihm touching the basal portion of the basilar 
membrane of the guinea pig xxitli a hair produced a change in 
coclilear potentials recorded from a pur of electrodes in tin. 
Insal region hut did not alter the potentials recorded from a pair 
of electrodes m the apical rcttion From all this evidence it seems 
clear that the propagation of the traveling wave up the cochlea 
represents an interaction between membrane and fluid and that 
tlie energy driving tlic membrane at am point is derived jointl) 
from the Ixirdeniig regions of the membrane and from the sur 
rounding fluid 

AUDITOR! NERVE RESPONSES 
Hov\ the frequency and intensity of acoustic stimuli liecome 
rrpresemed in the auditors nerve dclion and the forms m which 
thev arc communicated to the lusher centers to determine the 
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pitch and loudness of sounds are questions that auditory theories 
are primarily designed to answer Usually these theories have been 
directed principally to the single attribute of pitch and its discrimi- 
nation From the manner m which this attribute has been handled, 
two concepts have emerged, the place and frequency theories 

Tiie simple place theories assume a spatia! distribution of activit) 
along the cochlea as a function of frequency, a distribution so 
specific that every tone has its own locus and therefore its own pai- 
ticular neural representation The application of a given stimulus 
frequency to the ear produces a vibratory motion in its own region 
and a firing of impulses in its nerve fibers, and this action is in- 
terpreted as a particular pitch 

TJie frequency theories rest upon a temporal rather tlian a 
spatial principle, and assume a direct representation of stimulus 
frequency by the frequency of nerve impulses 

In the classical theories these two explanations of pitch were 
alternatives, held often m bitter rivalry, though Rutherford was 
careful to remark while presenting his own theory that there is no 
necessary conflict between place and ftequency pnnciples When 
Bray and I observed a synchronous relation between tones and 
their representations in the auditory nerve (within certain fre 
quency limits), it seemed proper to combine the two principles in a 
harmonious pattern This combination we ha\e called the 
volley theory because it utilizes the pnnciple of volley firing in its 
representation of stimulus frequency in auditory nerve action This 
principle states that a group of nerve fibers exposed to a regular, 
periodic stimulus can produce a series of discharges in w Inch the 
rhythmic character of the stimulus is maintained, e\en thougn the 
rate is be) ond that possible for a single fiber This happens because 
each fiber in its firing maintains a synchronous relation to the stim 
ulus, e\ en though it may skip many waves 

The essential conditions for solley action arc three in number 
1) there must be a number of ner\e fibers in action in response to 
the stimulus, 2) these fibers must respond in a phasic manner, 
firing at a particular moment during the period of the stimulus 
wave, and 3) tlic nerve fibers in the group must exlubit sanability 
m excitatory or responsive characters 
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Tlic first condition of mulliplicit) of ncr\c fibers is assured b> 
the spread of action of a tone o\er the basilar membrane Weknou, 
from the damage seen after overstimulation uith strong tones, that 
such tones spread uidel> in their action (Fig 8) ** For faint tones 
the response areas probably maintain tlic same or closely similar 
sliapes though the amplitudes are smaller, and even a little above 
threshold it is hkel> that there arc hundreds, or for the low tones 
perhaps thousands of nerve fibers in action At threshold the num- 
ber will be small and most Iikel> it is this number that determines 
the threshold 

It has often been noted that when a tonal stimulus is carefullj 
raised from a low level to bare perceptibility, the first impression is 
not of a tone but of something of a fleeting, \ anable quaht> , lacking 



Frequency 

Fig 8 Tlic nutibcr of hair cells missing asa rwuli of ovcniimulation for 4 mm 

at a lc%cl of 1000 d\nrt |>ef S':} cm ai each of four dilTcrcni frcqucnacs Tlie 
airophv was Irts extensive at the higher frequencies, hut even at 10 000 cycles 
It amounted to 94 hair cells 
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secondary For the low tones, for which individual fibers car 
represent the full frcquenc>, a smaller number of fibers shoulu 
suffice and the integration process will be simpler than for higher 
tones that require volley action for their representation On the 
other hand, the threshold level of activity must always be high 
enough so that we are not confused by random nerve discharges 

The condition of phasic finng of the nerve fiber is essential for 
synchronization Near threshold the firing ordinarily occurs at the 
negative peak of the cochlear potential wave, and is closelj similar 
for all nerve fibers entering the volley This is certainly true at the 
very low frequencies ** As the stimulus intensity is raised the 
excitation occurs earlier in the negative wave and at the same time 
the firings of different fibers m the volley become somewhat dis 
persed in time, even though, as shown by Kiang, Goldstein, and 
Peake,** the firings of each individual fiber become more uniform 
The dispersal occurs because the stimulus becomes effective over a 
greater area of the basilar membrane and brings in units with 
higher thresholds and longer latencies Hoivever, the dispersal is 
not great enough to destroy the synchronism until the high fre- 
quencies are reached and the wave periods become of the order of 
the vanations in latency 

It IS not necessary, as pointed out earlier, that a given nerve 
fiber enter the volley at a r^ular rate, but only that it preserve its 
phasic relation to the stimulus when it does fire * 

*Somc confusion has arisen on the point because evidently for simplicity of presenta 

tiort the diagramsreprcsenTingvrfleyfnnghavesbotvnreguIar rates (Ref 23 p 337) 
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Variabiht) among the nerve fibers entering the volley is essential 
in order that the fibers may get somewhat out of step with one 
another and that certain ones will fire at the moments that others 
are skipping Such variability is assured by difTcrcnces in accessi- 
bility of the hair cells and by inherent dilTcrences of excitability 
among tfie nerve fibers The hair cells vary in accessibility both 
longitudinally and transversely longitudinally, because dififercnt 
regions of ilic basilar membr.inc are exposed to difTcrcnt ampli- 
tudes of tlie traveling wave, and transversely because tlic difTcrcnt 
rows of hair cells occupy difTcrent positions with respect to the 
membrane movement, with the outermost row of external hair 
cells having tlie most favorable position near the middle of the 
membrane where tlie displacement is greatest, and with the 
internal hair cells least favorably placed near the edge of the mem- 
brane 

As already suggested, the limits of synchronism of the volley 
frequency are determined by inaccuracies of firing Synchronism 
fails when the variations among the fibers entering tlie volleys 
corresponding to successive waves become large relative to the 
periods of the waves Hence asynclironism does not enter suddenly 
as the frequency is raised, but gradually The upper limit has not 
yet been determined witli certainty Kiang, Goldstein, and 
Peake’* found synclirony to repeated bursts of noise up to 2200 
per second in one senes of expenmenis, and somewhat beyond, 
pcrliaps as high as 3000 per second, in another scries Tlicy re- 
marked, however, that the limit of 3000 per second may represent 
the limit of ilicir method rather than a limit of synchronization 
Tiicy used clicks, vshicli give a complex excitation of the sensory 
cells and nerv c fibers at each impact, and thereby impose a severe 
burden upon these cells, tending to exhaust ihcir polarizations 
m/Kt O.w.w Ok s/.wjple. I "awi base. 

been used,’’ but they produce smaller spikes, no doubt because of 
their slower nsc rates Bray and I used tones with the simple method 
of listening to the discharges and judging the quality of tlic response 
by car \Vc found the synclironism tocontinuc in recognizable form 
up to 4000 per second or a little beyond 'Hie advantage of this 
procedure over a visual display is that it is possible to probe 
through tlie noise more cfTcctivcly and to rccogni/c the continuing 
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element of synchronism It may be pertinent also that this method 
makes use of the analytical capabilities of our higher neural centers 
in a fashion that may bear some similarity to what normally hap« 
pens m the processing of the ear’s information 

Recent recordings**'** of the actions of single auditory nerve 
fibers have extended the early work of Derbyshire and Davis*® and 
Tasaki These studies shoiv that a given auditory nerve fiber is 
excited by a narrow band of frequencies when the stimulus in- 
tensity Js near threshold strength and by an increasingly wider 
range as the intensity is increased 

Explorations of the auditory nerve bundle with a microelectrode 
have revealed a systematic form of distnbution of the fibers 
Kiang el al working on cats, observed that m a given traverse of 
the microelectrodc through the nerve, the first fibers encountered 
responded best to high frequencies, then farther into the core of 
the nerve the fibers responded to low frequencies, and finally as 
the nerve bundle was nearly penetrated the high-frequency fibers 
were encountered once more This form of distribution of fibers 
corresponds to the one usually accepted since the work ofRetzius 
Hoivever, Katsuki et al ,** working on the monkey, found a different 
fiber arrangement 

The wide range of tuning of the auditory nerve fibers agrees 
with the evidence that all tones spread ividely m their actions 
along the basilar membrane and that the cochlear innervation is 
diffuse and overlapping All these data present a problem for the 
fine discrimination of pitch, especially at high levels of intensity 
It must be noted that pitch discrimination does not sufTer as the 
intensity rises Rather, it improves rapidly as the intensity increases 
above threshold, then more slowly as the higher levels are reached 
There is continued improvement even at the highest levels so far 
explored, though the improvement is slight Presumably we must 
look to inhibitory processes in higher regions of the auditory nerv- 
ous system to sharpen these resonance curves and to provide a basis 
for the discrimination of high tones B^kdsy’s studies of contrast 
phenomena liave given evidence of the presence of such sharpening 
processes 

Stimulus intensity is represented in the auditory nerve discharge 
m two ways, by the number of fibers in action and by the rates at 



40 J^eurological Aspects of Auditor) and Vestibular Disorders 

which they fire As the intensity is raised to the thresliold level for 
a given tone, there is excitation of a small group of fibers in the 
region of the basilar membrane most favorably tuned for this tone, 
and thereafter, as the response curve on the basilar membrane 
grows in amplitude, more and more fibers enter the volley A 
practical limit to this spread is reached when the stimulation of 
sensory structures in the most favored region of the basilar mem 
brane becomes dangerously great, and any further rise would 
damage the structures At the same time most of the hair cells in 
this region will have passed through their maximums of cochlear 
potential production and their nerve fibers will have attained their 
maximum rates of firing 

Individual nerve fibers are able to represent the stimulus in- 
tensity in only a limited vvay because of their temporal locking to 
the stimulus waves At low frequencies most of tlie fil ers serving the 
more active regions of the basilar membrane will respond to every 
stimulus wave even at levels only a little above threshold These 
fibers will not be able to add to the frequency of the discharge as 
the intensity is raised There vvill be some fibers, however, that will 
remain out of the discharge at low levels either because they arc in 
regions of the basilar membrane that are subjected to small dis- 
placements or because tliey tbemseivcs have elevated thresholds, 
and these will add themselves to the active group 

At higher frequencies vvhere the fibers work mtermiitcnily, 
missing many waves the indiv idual fiber can vary in its firing rate 
as a function of stimulus intensity Because the time of excitation 
of a fiber during its relative refractory period is a function of 
excitation level the rate of entering the volley will increase as tlie 
stimulus intensity is raised Whereas near threshold a given fiber 
might fire on the average at every fifth wave, let us say, at a higher 
intensity it might fire at every fourth, or every third, and so on 
until a limit is imposed by the absolute refiactory period The 
dynamic range of tlie secondary auditory neurons was reported 
by Galambos and Davis” as 20 to 25 db and Katsuki and Ins 
associates ” recording from pnmary fillers, found ranges up to 
40 db Sample curves representing changes in the frequency of 
impulses as a function of intensity for single neurons arc shown in 
Figure 9 
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Fir 9 Tlie relation Ix-wccn frequency of discharge m single aue}itor> neurons 
and ilic intcnsu) of siimulation fhe curves -ire rnarked wuh the frequency that 
siimulaies jnosi cfTeetiNcl) near threshold Curves marked 10^0 ant! 5600 cvcles 
are secondnr) neurons as reported b> Galatnlms and Davts and the tv'o marked 
700 o-cles are from obscrsnions In Kauuki « aJ and Tepre*enl two t>j>es of 
primar) neurons one «iih i fast rise and one v'tth a ilou nie vmiIi stimulus 
intrmsiy 
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The UNO \anables, number of acti\e ner\e fibers and rates of 
individual finng, are probabl> combined and become simpl> 
number of impulses per unit of time as the determiner of loudness 
The possible amount of change in this combined \anable seems 
fully adequate to account for our range of loudness perception and 
our ability of loudness discrimination 

To persons accustomed to dealing uith acoustical devices of 
\ arious kinds the great degree of high*tone sensitn ity of mammalian 
ears, and especially the human ear, has always been a puzzling 
matter ^s \Vegel“ once remarked, the ear does not have the 
appearance of a high-frequency device It seems clear that we must 
look to some peculiar attributes of the auditory nervous system to 
explain this aspect of auduorv capability In an effort made some 
time ago’* to account for the form of man’s auditorv threshold 
function I faced this problem in concrete form In developing a 
theory of auditory sensmv ity I made use of a principle of cathodic 
summation through which the excitatory effects of a recurrent 
stimulus can be accumulated over a number of cycles until a 
threshold excitation is finally built up and the fiber fires Calcula- 
tions based on Katz s» studies of the responses of nerve fibers to 
alternating currents indicated a summation effect increasing with 
frequenev from about 1000 cvcies upward to some limit, perhaps 
around 5000 cvcies and amounting at this upper frequency to per- 
liaps 10 to 15 db \ frequenev limit is imposed, according to Hill, 
Katz and Solandt » bv capacitative effects, changes in the fiber, 


and perhaps by other conditions 

This summation occurs because a subliminal excitation of a 
nene fiber leares an effect behind eren though llie fiber docs not 
produce a propagated impulse The effect is dual in nature, con- 
Ltin- of a persistence of the imposed cxcitator, polential and in 
part of an aroused potential that is similar to the usual nerte po- 
tential except that it is nol propagated The local potential appears 

during the negat.ic half-»axe of the excitatoia potent, al^ien this 

potential exceeds about 50 per cent of threshold lalue The cfe 
of the persisting eathodie electrotonus is ,o loner the threshold of 


excitability of the fiber 

If the fiber is being exposed to alternating potentials, and the 
folloismg half-naxe is positive the effeets mil be anodic and the 
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excitability will be depressed Ho\vever, tins anodic efTect is simpl> 
a persisting c\cita(or> potential and is not augmented by a local 
action of the fiber Therefore U is smaller than the cathodic efTect 
and only reduces that efTect without canceling it Accordingly, 
there will be an accumulation of cathodic electrotonus o%er several 
cycles until the fiber fires 

If the cochlear dendrites are in a negatne potential field as 
Bck&y’s obscnations of polarizations within the cochlea” no« 
lead us to believe, the effects of sound stimulation will be to expose 
them to negative pulsations which would give increased cathodic 
effects at the negative phase of each cycle without producing 
anodic effects The excitatory changes will accumulate even more 
rapidly and will build up to higher levels than if ilic direct potential 
were absent Perhaps herein lies the reason for tlie direct potentials 
found in the region of the hair cells 

FURTHER THEORETICAL CONSIDERATIONS 

We have found that the characteristics of stimulating sounds are 
encoded in the auditory nerve responses in a complicated way 
Stimulus frequency is represented m terms of both frequency and 
place, with the roles of tliesc two principles varying over the tonal 
scale Stimulus intensity is represented also by iv\o variables in the 
nerve action, the number of active fibers, and the rales atwlncli 
they fire The volley theory, which incorporates these relationships, 
is thus a duplex theory in respect to both the qualitative and 
quantitative aspects of the stimulus 

The frequency principle serves alone for the low range of tones, 
up to about 400 cycles, and then is joined by the place principle in 
an intermediate range from 400 up to about 4000 cycles Tor 
higher tones, place representation operates alone The low and 
intermediate ranges arc disiinguislicd by excellent frequency dis- 
crimination, which m terms of frequency change (af) has a nearly 
constant v alue of 3 to 4 cycles except near the end of the intermedi- 
ate range Around 2000 cycles the value of af rises as the volley 
action grows more complicated and increasing numbers of nerve 
fibers are required to represent the frequency In the third range, 
where place alone serves to identify the pitch, the size of the differ- 
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ence limen for frequency rises precipitously to a value of 187 c)clcs 
for a tone of 15,000 cycles 

Because the periodicities of complex as ueJl as simple sounds are 
represented in the nerve volleys we are provided uitli an explana- 
tion of a number of phenomena that otherwise would be un- 
accounted for The wave form of a complex tone is represented by 
varying numbers of impulses as its amplitude vanes, therefore, if 
the phase relations of the components are changed so as to alter tlie 
wave form this change is appreciated The change of wave form is 
heard as an alteration of tone quality, as mentioned earlier 

The phase of tones is appreciated in still another way W'he/i 
tones in the two ears differ in phase relations this difference becomes 
represented by the slightly different moments of firing of the nerve 
fibers representing the tones m the two cars Tins time difference is 
interpreted at some common neural center as a displacement of 
the sound toward the ear in which the phase is leading Tins 
localization in terms of binaural phase difference operates with 
clear effectiveness for all the low tones, and then fades away as 
the frequency approaches 4000 cycles 
When the phase relations of the sounds at the two ears arc made 
to undergo changes as may be done by presenting a lone to one car 
and to the other ear a tone of diffeient frequency, the effect is 
heard in two ways, depending upon the rate of binaural phase 
shift When the tones differ slightly in frequency, the impression is 
of a tone that swings back and forth between the two sides of the 
head This binaural shift phenomenon is simply a dynamic form 
of the localization eficct However, when the shift rate is speeded up 
by increasing the frequency difference between the two tones a new 
experience arises \ow the perceived tone remains stationary, usual- 
ly referred to a place within the head, and it undergoes a beating 
Tlie binaural shift and the binaural beats are experienced 
readily for all low tones and become fleeting in ciiaracter and dif- 
ficult to observe when the stimulating tones are of liigli frequency 
Most observations have indicated frequency limits for tiicsc phe- 
nomena between 2000 and 3000 cycles though there is reason to 
believe that extensive practice would somewhat extend the range 
If a tone IS subjected lo regular variations in amplitude or of 
frequency the result is known as amplitude or frequency modula- 
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tjon In amplitude modulation there arc periodic changes m the 
amplitude of the wave, or %\e may speak of Nanations m NNa%e 
en\elope In frequency modulation there are periodic changes m 
ivaic length In both situations the changes become audible, 
within certain limits of base frequency and modulation rate A 
similar effect arises if two tones arc made to beat with one another 
and the beating rate is raised by increasing the frequency separation 
of the tones When the beating rate exceeds about 6 per second, for 
primaries in the middle range, the experience becomes noisy and 
rough, and the pulses appear as single thrusts ** When the beating 
rate reaches 166 per second the experience takes on a tonal char- 
acter, and as the frequency difference, and hence the beating rate, 
IS further increased the lone quality gams progressi\eiy over the 
noise until finally the tone prevails Tlie interaction effect then 
fades around 350 per second and only the primary tones remain 
AH these phenomena are heard because tlie wave form, with all 
Its periodic characters, is represented in the ncr\e discharge with a 
high degree of faithfulness Complex sounds are not subjected to 
complete analysis, for if they were the interaction eficcts would 
largely disappear The analysis that does occur is such as to favor 
the representation of the frequencies of the constituents of the 
sound without losing the total character of the combined wave 
This happens because the spatial distribution of frequencies over 
the basilar membrane is broad, and though different frequencies 
have different maximums of displacement their areas overlap 
greatly and all regions represent the complex wave in some form 
That we are able to appreciate the interaction effects and envelope 
characteristics, and at the same time single out the primary fre- 
quencies that enter into the complex, means further that the in- 
/bnnafran confarneef m nervvr attpeshc paffenrw can be prcK<rs<ed 

m diftcrcnt ways in the higher neural centers 

THE EVOLUTION OF THE VERTEBRATE EAR 
A comparative study of hearing throughout the vertebrates makes 
It clear that the most primitive ears, as found among the fishes, 
amphibians, and lower reptiles, arc adapted to the perception 
and discrimination of pitch only through the operation of the fre- 
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quenc) principle Tiie auditory organ probably exoKcd from 
a simple mechanical receptor— probably a gravity receptor — 
because such a receptor inevitably responded to low sound fre- 
quencies This organ was elaborated further in the evolutionary 
process because of the great biological utility of this form of recep- 
tion From the simple ears now seen in fishes and amphibians, vve 
can infer that the early animals at first had only a simple auditory 
epithelium with little or no differentiation, so that the whole re- 
sponded in the same way to every sound within the animal’s 
range During the course of evolution the frequency representation 
of sounds improved continually with the elaboration of the auditory 
nerve supply and with the increase in recovery rates of the nerve 
fibers 

In the evolution of the reptiles a new means of frequency rep- 
resentation emerged, the spatial representation referred to as the 
place principle The first adv anta^c of this acquisition w as an exten- 
sion of range to the high tones A second adv antage was an improve- 
ment of sensitivity for the whole gamut of tones A third advan- 
tage was the improvement of the analytical capability of the car 

The evolutionary significance of the extension of range to the 
high tones is clear These tones are much more sen. iceable than the 
low tones in indicating the direction as well as the character of 
sounds, and they provide useful information about the sliape and 
texture of objects from which they are reflected Therefore they aid 
in the identification of enemies and possible prey, and they assist 
in orientation to objects in the vicinity 

Our own use of sounds in communication is greatly aided by our 
keen sensitiv ity in the region of 1000 to 4000 cycles, and though our 
sensitiv ity falls off bey ond 4000 cycles we still depend on the higher 
frequencies for many of our discriminations of speecli and sharp 
vraw'j/tTAs, Wav.'y stjsecvts. tAve. pm.tojim.Is. PM.va- 

lain acute sensitivity into what we call the ultrasonic range, and 
evidently make ricli use of sounds an octave or two beyond our 
upper limit \Ve see a striking example of the information carrying 
capabilities of high tones in the process of ccliolocation in bats Hie 
appearance and elaboration of the place principle for frequency 
representation tlierefore was a major event in the evolution of the 


ear 



Thr Phuohsj ttj tht Ptnihral Ufauns, Mfdiarism 47 

REFERENCES 

1 Kocnitr, R Bcmcrkuntjcn ul)cr die Klantjfirbc .Inn Phs, /•/ 369, 

^^S\,andQufl<ju‘se\ffnencesd‘aeouftt^if Pan<. Laburc, 18S2,p 218 

2 Mallics, R C , and Miller, R L Pliasc cfTccts in inoniural perception 

y l(t>ust Soc 4-imrr, ?P 7S0, 194"' 

3 Wever, n G , Lawrence, M , and Kalim, W L , Jr The phase cfnr 

actenstics of the ear Proe j\a/ Acad ‘iti I S A , iO 209, I9S4 

4 [Iclinliolt?, H L r Die MechaniL dcr Gehorkenochclclin und des 

Tromirclfclls Pjluegn IrrA Ces Phisiel I 1 1868 

5 Schaefer, K L Eine ncuc Erklarunc: dcr subjekturn (omhimtion- 

stone auf Grand dcr Hebnholtzschcn Resoninrlnpoibese Pfluegtr 
Afch Gfi Phsiol , 7h 503 1899 

6 BikiS) Cf \on Ijxpmmrnli in Ufarin^ Ncv\ York McOrau-Hill Book 

Compao) I960, pp 112-113.337 344 

7 Zurmtihh G Abhangiqkcit dcr Tonbohencmpfindtini? von der Liiit- 

sUrkc und chre Bcrcchunc zur HcJmboItzscbcn Rcson'inztheorie des 
Horens ^ Sinnrspfiystol , Aht 11,61 40 1930 

8 INcvor, n G, and Lawrence. M PMsielogicaf Uousiies I’rmcctnn, 

Princeton Univcrsu> Press 1954 

9 Wcvcr.L G . and Lawrence, M Patterns of injury produccdbvover- 

stimulation of the ear J Acoust Sae Inirr , 27 B33 1955 

10 ^Vc^er, r. G Recent investigations of sound conduction, 11 The ear 
with conductive itnpatrmcni dnn Olol 39 1037 1950, .md rtf 4 

11 Ranke, O F.Kcidrl W D . and Wcscbke, H G CochlearfTckt l>ei 

VcnchJuss des runden Fenslcrs .Uujl Bnhtjlr, 1952, p 145 

12 OtxKlhill, \ , Holeo nb. A L. Rehman, I. and Brockimn, S J 

Cochlear inicrophonic ineavurcmems in cvpeninental labyrinthine 
occlusion and fenestration Laryngoscopf, Of 333, 1954 

13 Gissclvson. L . and Richter, O Cm Bcitraq rur Fragc des Horvermo- 

Rcns bci N crschhiss des runden Fensters Ircli Oh \as hehlktipf- 
hfilK , 166 410, 1955 

14 Tonndorf, J , and Tabor. J R Closure of the cochlear window its 

effect upon air- and bonc-conduciion .!ni Otol,7! 5,1962 

15 Wcvrr. E G, and I-awrcncc, M Tlie acoustic piihwivs lo the 

cochlea J Aroai! Sev An/r , 22 460. 1959 

16 B^kAiy.G von Ref 6, p 476 

17 Ibid Kef 6. p 424 

18 Mayer, O Das anaioTusche Siilr>trat cler Alicrschwcrlionckcit Arch 

Ohr Xas hfhlkopjhfdk , fOS 1, 1919, Ouwc, S \ . Guild, S R . and 



48 Neurological Aspects of Auditory and Vestibular Disorders 

PoKogt, L M Observations on the pathology of high tone deaf- 
ness Bull ^ohns Hopkins Hosp ,54 

19 Guild, S R Correlationsofhistologic observations and the acuity of 

hearing Acta Otolar^ng , 17 207, 1932 

20 Rahm, W E , Strother, W F , Parker, D E , and Crump, J F To be 

published 

21 Legouix, J P Changes m the cochlear mtcrophonic of the guinea pig 

produced bj mechanical factors in the inner ear J Acoust Soc 
1504, 1962 

22 Wever, E G , and Bra), C W Present possibilities for auditor) 

theory Psychol Rri' , 37 365, 1930 

23 ^^^cve^, E G Theory oj Hearing Nciv York, John IS'iIcj and Sons, 

1949 

24 Smith, K R The problem of stimulation deafness, 11 Histological 

changes in the cochlea as a function of tonal frequenej J Exp 
Psychol , 37 304, 1947, Smith, K R , and Wever, E G The prob- 
lem of stimulation deafness, Ilf The functional and histological 
effects of a high frequenc) stimulus J Exp Psychol , 39 238, 1949 

25 \Vever E G Bra>, C W and WjJje>, C. F The response of the 

cochlea to tones of low frequency J Exp Psuhol , 20 336, 1937 

26 Kiang, N Y S , Goldstein M H , Jr , and Peake, W T Temporal 

coding of neural responses to acoustic stimuli, IRE Trans of Pro- 
fessional Group on Information Tneory, 1962, IT-8, 113 

27 Peake, IV T Goldstein M H Jr, and Kiang N Y-S Responses of 

tne auditor) nerve to repetitive acoustic stimuli J Aeoust Soe Amer , 
34 562, 1962 

28 Katsuki,Y Suga N,andKannoY Neuralmechanismoflhcpcnph- 

eral and central auditory s>stem in monkc)S J Acoust Soc Amer ,34 
1396, 1962 

29 Kiang N Y-S , 3N atanabe, T , Thomas, E C , and Clark, L F 

Stimulus coding in the cat s auditory nerve Trans Amer Olol Soc , 
50 264, 1902 

30 Derb)shire A J, and Davis, H The action potentials of the auditor) 

nerve Amer J Physiol, 713475, 1935 

31 Tasaki, I Nerve impulses tn individual nerve fibers of guinea pig J 

Neurophystal , 17 97, 1954 

32 Bek^s),G von Ref 6, chap 13, and Neural inhibitor) units of the C)e 

and skm quantitative description of contrast phenomena J Opt 
Soc Amer , 50 1060, 1960 

33 Galambos, R , and Davis, H The response of single auditor) nerve 

fibers to acoustic stimulation J N'turophysiol , 6 39, 1943, Action 



The Ph)SZQhgy of the Pmfktral llemng Meehantm 49 

potcniials from single auditor} nervefibers Scunce, 108 513, (\o\ 5) 
1948 

34 Katsuki, //of Ref 28, see also. Neural mechanism of auditor) scraa- 

tion m cals In Roscnbhlh, Walter A , cd Stnsor} Communication 
New York, John Wiley and Sons, 1961, p 561 

35 Wcgel, R L Physical data and physiology of e'ccitaiion of the audi- 

tory nerve Ann Oiol , 41 740, 1932 

36 We\er, E G Ref 23, chap tl 

37 kaiz, B Experimental evidence for t non-conducted response of 

nerve to subthrcshold stimulation Proc Roy Soc London ser B 124 
244, 1937, Electric Exatahon of J^erre, 1939 Nerve excitation bv 
high-frequency alternating current j Physiol , 96 201, 1939 

38 Hill, A V,Kat 2 , B andSolandt D 3 Nerve excitation by altcrnat 

tng current Proc Roy Soc London ser B t2f 74 1936 

39 B6k6sy, G von Ref 6, p 636 

40 Wcver, E G , and Wedell, C H Pitch discrimination at high fre 

quencies Psychol Bull, 38 721 1941 

41 Wcver, E G Beats and related phenomena resulting from the simul- 

taneous sounding of two tones Psychol Ret, 36 402, 1929 


DISCUSSION OF CHAPTER 11 
Dr. J. Donald Harris, New London, Connecticut: Dr We\er 
has presented a fascinating paper TTie highlights are guideposts to 
future work as well asa summary of much of the brilliant work that 
has been done at Princeton and other laboratoncs 

I uonder if he uould amplify the observations that some of the 
investigators of the Bell Telephone Company have made regarding 
the amphibian car, a simple, undiflcrentiatcd ear without a basilar 
membrane It seems to me to be an absolutely crucial car It ts 
possible that in spite of this simplicity, there is differentiation of one 
amphibian call from another If such differentiation were not 
possible, b ological anarchy would ensue These calls can be 
differentiated on a temporal basis, however, and I tvonder how 
decisive the clcctrophysiologjcal approach may be Some investi- 
gators are of the opinion that the frog is able to discriminate one 
call from another What is your opinion concerning these observa- 
tions’ 
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Dr. E Glen Wever, Princeton, New Jersey. This is a diflicult 
question, and my opinions are subject to change I agree that the 
discrimination of sounds is necessary if any animal is to make im- 
portant use of Its heanng 

TTie amphibians present some perplexing problems Man> of 
them have very primitive ears m which it is difficult to conceive of 
any spatial differentiation at all Their discriminations, therefore, 
must depend on the frequency principle, or else be limited simply 
to loudness differentiation The ear of the frog is advanced in typie 
over most of the other amphibians Dr Van Bergeijk, of the Bell 
Telephone Company, has brought forth evidence that the frog’s 
basilar membrane is spatially differentiated, at least in a simple 
way Here we may find the beginnings of operation of the place 
principle, but even if this is true, I think it likely that much of the 
ftxjg’s discrimination involves the frequency principle 
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PHYSIOLOGY OF CENTRAL 
AUDITORY MECHANISMS 


Robert Gai \mbos M D Pit D * 


Our knowledge of brain events associated with hearing has de 
vclopcd remarkably during the past two decades During the last 
ten )ears in particular there has been an enormous expansion of 
new experimental facts, and a corresponding change has taken 
place m our concepts of what goes on during tlie hearing process 
within a brain similar to our own I shall summanre a limited 
portion of these new facts, show how the> ha\c solidified certain 
well known ideas, and indicate some of the directions toward 
uluch the new data are carrying us 
The postwar \icu of the auditory brain as summanred for 
instance by Hallowell Davis m 1951, ‘ dealt almost exclusively with 
tliose nerve pathwa>s and nuclei which Cajal, in tlie earl), years of 
this century, had siiown to connect the auditory nerve to llic 
auditory cortex Electrophysiological methods — microelectrode 
recordings as well as studies using large electrodes — had by then 
revealed the essential correctness of Cajal’s findings The anatom- 
ical Structures defined in classical anatomy as auditory pathways 
were indeed the brain locations wherein sounds produce physio- 
logical responses, and many mjerestmg details about these re- 
sponses had been worked out By the mid-1950s tlirec major facts 
liad been clearly established by the pliysiologisis Fir^t, the cortical 
areas activated by sounds in deeply anesthetized animals corre- 
sponded vsith reasonable accuracy to the anatomical predictions 
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Second, the spatial correlate lor tone irequencj which Helmholtz 
had postulated to exist within the cochlea, and which B<5k«>’s 
brilliant measurements had established experimentallj, was 
demonstrably preser\ed at cochlear nucleus and at cortex In 
brief, the ph)siological facts clearly supported the idea that the 
cochlea was “unrolled” at all important nuclei in the auditor) 
pathway * Third, microelectrode physiological studies showed that 
a particular auditory ner\c cell responded to some tones, not to all 
tones, this response being greater activity for some stimulus fre- 
quencies (excitation) and less activity (inhibition) for others 

Since so many brain cells had been shown to display a specific 
threshold curve for excitation and another for inhibition, there had 
developed a general conceptual picture of what a given tone must 
do to an aggregate of cells such as the 90,000 which Chow* tells us 
make up the cochlear nucleus of the monkey Obviously, the lone 
must produce increased aciiviiy m some rather large number of 
cells located within the cochlear nucleus complex, but it also pro- 
duces decreased activity of others and no change m still others 
Each heard tone thus induces a unique constellation of excited and 
inhibited regions wuhin the brain If the tone frequency were to be 
changed, the activated sues would shift their anatomical loci and a 
new pattern of active inactive, and unaffected regions would be- 
come established The perceived sensations of pitch and loudness, 
somehow generated out of this interplay of excitation and inhibi- 
tion going on within each of the brain nuclei of the auditory path- 
way defined by the classical anatomists, remains an unsolved 
problem ‘ 

Subsequent research has not materially altered these funda- 
mental generalizations The place theory of hearing as just out- 
fmerf remams’ Arm’y ensccmcccf as (he atcciiaacscn (n< efi Sar most 
of the tones that we hear, although the volley hypothesis which 
Dr Wever has discussed is also supported by some of the facts 
What was true ten years ago is therefore still true today, but several 
interesting new developments have occurred, some of which I shall 
now outline using mainly expenmenta! material my colleagues and 
I has c obtained 
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fig I Inhibition of aiidiiory ncrvr fiber b) ton? Toj) trace <hows «pontancou« 
discharge of neuron lo siop when tone (SOOO eps about 50 db atMNe human 
threshold) is presented to car of cat and reiuin %vhcn tone goes off (Several 
seconds removed from middle of record ) Lower lefi section of brain of cat 
siomng electrode location at time of recording 


PITCH 

The new data leave Iiulc doubt that the cochlea projects pre- 
cisely and with multiple representation into the cochlear nucleus 
Microelccirode studies show* a definite tonotoptc organization to 
exist withtn all three major anatomical subditistons of the cochlear 
nucleus, just as could be predicted from the anatomical studies of 
Lorente de Ka published tliirtj jears ago High frequency tones 
activate the most dorsal and medial portions of the nucleus, whtic 
progressively more ventrolateral regions become activated by lower 
and lower tone frequencies Each of the three major subdivisions 
reacts to the entire tonal spectrum, and single cells isolated an)- 
vvhcrc in the cochlear nucleus can be inhibited * * 

A long-standing unsettled problem m auditory ph)S oJog> is that 
of whether pnmar) audilorj neurons, ilic ones iliat link, the coch- 
lear hair cells with the medulla, show inhibition to sound stimula- 
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tion Fex recently demonstrated such inhibition to occur m single 
auditor) nerve fibers after appropriate electrical stimulation of 
Rasmussen’s efferent fibers Tins still leaves unanswered, houever 
the question of whether sounds inhibit as well as excite primary 
fibers without this kind of efferent fiber mediation In a paper in 
press,® my colleagues and I at^ue that this is so 

In these experiments microelectrodes were inserted into the 
auditory nerve of unanestheti 2 ed cats These electrodes en- 
countered fibers activated by tones, as many others have already 
shown, and the response areas of these fibers to tones, when plotted, 
closely resembled those of the cochlear nucleus units But madditioii, 
certain tones were found to suppress spontaneous discharge in 
about 10 per cent of the fibers studied This phenomenon is illus- 
trated in Figure I The anatomical location of the microlccirode 
indicated by the X in this figure identifies the unit m question as 
one clearly lying within the auditory nerve The physiological 
response shows that us spontaneous activity promptly disappeared 
with onset of an 8kc tonal stimulus and reappearedjust as promptly 
when the tone was turned off The behavior of this unit (a primary 
auditory neuron according to several stringent criteria) thus 
suggests that the fundamental principle discussed earlier according 
to which tones produce a pattern of excited and inhibited brain 
cells applies to the neurons within the cochlea also It would appear, 
in other words, that the cochlea is not a region where mere passive 
transduction of mechanical motion into enhanced nerve impulses 
takes place Apparently the mechanical motion of basilar mem- 
brane created by a pure tone is converted by the assemblage 
of nerve fibers under and among the hair cells into a complex 
spatial pattern of neuronal activity certain auditory nerve fibers 
are activated, others show suppressed response, and still others 
remain untouc^ied T.lve audiiory sterve ' ixtSsxrnsalsoss," therefore, 
IS a message composed of neurons more highly activated, and 
neurons inhibited by the tonal stimulus Tins view, in effect, states 
that what we know to happen at the cochlear nucleus also happens 
at the level of the cochlea itself The efferent fibers apparently par- 
ticipate in selling up this situation, but the cochlea creates a pattern 
of tins sort even before the cfTcrents have time to come into action 
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LOCALIZATION 

When the t\\ o ears are available for the task, animals and human 
beings can localize the source of a sound with astonishing accuracy 
In many situations, both natural and experimental, the difference 
in time taken for a sound to be conducted through air to the two 
ears is demonstrably the critical variable underlying this localiza- 
tion phenomenon Thus many experiments show a stimulus having 
microsecond time difference at the two ears to be localized by 
skillful subjects, the sensation aroused being that of a single stimulus 
displaced in the direction of the ear receiving its stimulus first 

Dcscovery of cells in the cat accessory nucleus of the superior 
olivary complex that show exquisite physiological sensitivity to 
intra-aural time difference has cast some ncNv light on the neural 
basis for this binaural localization ability A published study^ of 
one of these cells (out of the several thousand in the cat) shows the 
cell to react when the left and right ears are stimulated exactly 
together, but to become wholly silent when the right ear stimulus 
precedes the left one by the exceedingly short time interval 500 
microseconds Slight difference m time of arrival of stimuli at the 
two ears — this important physical event closely correlated with 
localization in hearing — seems thus to be mediated within the 
cat brain by the same interplay of excitation and inhibition which 
underlies tone-frequency processing by the brain 

Van Bergeijk recently devised a neural model* in which these 
and other facts about binaural localization are brought together 
Those interested in furthur pursuit of this problem will find his 
paper a valuable point of departure Some experiments by B6kdsy 
are also pertinent in this connection He has shown that when two 
vibrators applied to the chest are activated in a manner exactly 
analogous to the binaural stimulation of the ears, a sensation of 
spatial localization of the stimuli exactly like that experienced 
through the ears will occur * This finding reminds us that there is 
certainly more to the binaural auditory localization problem than 
mere time-comparison at the specialized cells located m the 
superior olivary region, inasmuch as an anatomical locus where a 
similar precise comparison could be made in the nerve-pathways 
utilized by the skin input has never been desenbed Furthermore, 
several brain areas must play a part m auditory localization, as 
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illustrated by the findings of Neff etal ,'«sshich prove that a cat 
cannot localize without its auditory cortex We can therefore expect 
that much new material uill ha\e to be uncovered before the 
auditory localization problem is solved, and fortunatel) several 
laboratories are currently engaged in the microclectrodc, be- 
havioral and other studies that are needed 


LEARNING 

The intense activity of the past ten years m search of the durable 
change in the brain associated with memory has included many 
experiments in which hearing played an important part In sucii 
studies on cals, monkeys and man, the experimenter presents a 
sound and follows it by reward or punishment until the subject 
learns that the acoustic signal is the specific cue for what is to 
happen next The sound thus acquires a new property Previously 
insignificant, it becomes listened for, and once heard it leads the 
subject to more or less precisely learned reactions Wliat happens 
within the brain to produce this entirely new state of affairs in 
which the auditory pathwaysseemsodirectlj implicated constitutes 
a fascinating new chapter in research on hearing 

I shall be able to deal with only a small portion of this new ma- 
terial drawing mainly from the work which Dr Sheata and I 
earned on over several years " These studies were done with cats 
and monkeys in whose brains pickup wires liad been permanently 
implanted The EEG and other brain electrical responses could be 
recorded through these wires whenever desired over a period of 
months Rather simple observation and training procedures were 
employed Most experiments began with the animal m a sound* 
proof room where clicks could be presented day and night at a 
slow rate of perhaps one per lOseconds These clicks at first evoke a 
distinctive pattern of electrical waves throughout the brain, but as 
time goes on the clicks seem to lose this ability to arouse responses 
After some days or weeks one finds bram responses that are small or 
absent in locations where earlier they had been large and obvious 
in the records Since the auditory stimulus is the same, we must 
suppose that the bram has somehow modified itself so that activity 
once readily created within it by the stimulus no longer occurs 
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This situation can readily be reversed, however With the animal in 
the so-called “habituated” state just described, one needs only to 
follow the click with a bit of food or a puff of air to the face in order 
to restore the brain response to large amplitude Reinforcement of 
click by food or air puff satisfies the conditions for a simple learning 
procedure of the sort Pavlov exploited with such excellent results 
m the early years of this century 

The fact that brain electrical responses change as described in a 
systematic way during the various stages of a Pavlovian condition- 
ing procedure now seems confirmed beyond question ” ** When 
an animal learns that a click stimulus is the signal for some event of 
significance (e g , the click “means” that a bit of food or an air puff 
will promptly follow) electrical responses to the click groiv to large 
size m widespread brain locations, many of which he far outside the 
limits of CajaVs classical pathways Evidently the size of the 
“auditory brain” increases when a sound acquires significance for 
an animal, the electrical pattern produced, at any rate, spreads 
more widely through the brain and becomes large and distinctive 
wherever recordable The situation is reversible, for if the dick is 
now monotonously repeated without reinforcement, the response 
to It dies out once more inside the brain 

The meaning of these electrophysiological data is not yet entirely 
clear due largely to the still unsettled basic question of what struc- 
tures produce brain waves and other electrical responses of the 
brain One can at this time say only that auditory learning in some 
situations is accompanied by altered electncal activity, and await 
new developments from the dozens of laboratories around the world 
where relevant measurements continue to be made 

Before concluding this section on learning I must mention an 
entirely new class of e^enments promising an unusually nch 
harvest of fundamental knowledge which inevitably will find 
clinical application These studies were made on vestibular neur- 
ons, not on auditory neurons, and so belong in this symposium even 
though perhaps slightly out of place here Performed by Hyd^n and 
Egyhazi,'^ they required biochemical analysis of the RNA content 
in the nuclei of vestibular Dciters’ cells in trained rats, the values so 
obtained being compared with those measured in Deiters’ cells 
from untrained rats 
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It was a kind of tightrope walking task the trained rats learned 
they were obliged to climb a thin wire, one meter long, stretched at 
a 45° angle from the floor of a box to a small platform on the wall 
The rats obtained a bit of food on the platform for their reward 
The task was so difficult that onl) after se\eral da>s of practice 
could an average animal succeed m obtaining us first bit of food 
Its skill m balancing on the wire improted rapidly, howeier, and 
by the eighth day the rats could climb up and down about twenty 
times in a forty-five minute session At this point these artists at 
wire walking were killed, their brains sectioned, and single Dciters’ 
cells dissected out freehand from the medulla with the aid of a 
microscope The cell nuclei were then remoied from several 
dozens of these Deiters cells again by freehand dissection, and 
their content of ribonucleic acid (RNA) and the ratios of the four 
punne and pyrimidine bases that occur in RNA were determined 
through microbiochemical tests 

The findings obtained in these studies seem to me to be of un- 
usual interest In H>dcn’s two control groups (rats without stimula- 
tion and littermates given passive vestibular stimulation on a 
turntable) the content of nuclear RNA and the ratio of the bases 
present in it turned out to be similar The trained rats, however, 
showed a significantly different ratio of the adenine and c>iosine 
bases in their RNA when compared to the controls 

This discovery is the first claim I know of m which the learning 
of an auditory or vestibular task implicates the large molecules 
involved m the genetic code The RNA molecules H>d€n and 
Egyhazi isolated from the Dciters’ cell nuclei had been manu- 
factured there by the DNA molecules that comprise the chrom- 
osomes and genes of the cell Their discovery that acquisition of a 
specific motor skill involves cell mechanisms hitherto known to be 
related only to the genetic code not only broadens our horizons 
about what may be involved when learning takes place, but it also 
provides specific data about a particular instance of learning To 
many students of the problem, especially to those who liavc long 
suspected that the memory trace must have a chemical basis these 
experiments of Hyd^n and Egyhazi appear to offer an opening 
wedge into a promising new approach to tlic solving of this per- 
plexing problem 



Phstolo^T oj C<nltol Auditory Mtchamms 


59 


REFERENCES 

1 DaMS, H Ps>choph>-5iolo£r> of heanni; and deafness, m Sic\cas. S S, 

cd Handbook oj Expenmental Psychology N’c\v York, John \Vilc% ik 
Sons, 1951, chap 28, p 1116 

2 Galambos, R Neural mechanisms of audition Phsiol Rei , SJ 497, 

1954 

1 Cho\s, K L Numerical estimates of the auditors central ncnou« 
s>‘stcm of the rhesus monkey J Comp Ptfurol ,05 159, 1951 

4 Rose, J E , Galambos R , and Hughes, J R Microclectrode studies 

of the cochlear nuclei of the cat Bull Johns Ilopkxns Hasp , 101 211 
1959 

5 Moushcgian, G , Rupert, A , and Galambos R Microclectrode stiitH 

of senlral cochlear nucleus of the cat J \europh)stol , 23 ?>\S. \062 

6 Rupert, A , Moushegian, G . and Galambos R Unit response to 

sound from auditors nerve of cat J , in press 

7 Galambos, R, SchwartzkopfT, J, and Rupert A Microclectrode 

studs of superior olivary nuclei Amtr J Pkysiol . 197 527, 1959 

8 Van Rcrgeijk, W A Variation on a theme of Bifk^sy A model of 

binaural interaction J Aeout Sot \m 1451 1963 

9 Bdkisy, G son Synchrons bcissccn nervous discharges and periodic 

stimuli in hearing and on the skin Ann O/of , 7/ 678 1962 

10 NelT.W D,rishcr,J F , Diamond, I T,andYcla,M Roleofaudi* 

tory Cortes in discnmmaiion rc()Uinng localization of sound m 
space J P*tuTophinol , 10 502, 19S6 

11 Galambos, R , and Sheatz,G C An electroencephalography siudv of 

classical conditioning Imrr J Physiol, 203 173. 1962 

12 G.alambos, R , and Nforgan, C T The neural basis of learning in 

Handbook oj Physiology, sol III Washington, D C, American 
Physiology Socicts, 1960, p 1471 

13 John, r R High nervous function Brain functions and learning 

Ann Rtt Physiol , 23 A^\, 1961 

14 Morrell, P nicctrophysiological conlnbmions to the neural basis of 

learning Physiol /?rr , 4/ 443, 1961 

15 llsddn.H .amiEgslnzifE NudcarRNAchangcsofncrvcccllsduring 

a learning experiment in rats Proc P>at \cad 5ri , 1366, 1962 

DISCUSSION OF CHAPTER III 
Dr. Das'id Galin, Bethesda, Marj’land: I would like to ask 
Dr Galambos toclaboratc furtUcrabout the possible relation of the 
glia to brain function 



60 


^eurohgtcal Aspects oj Auiitory and I estibular Disorders 


Dr. Robert Galambos, New Haven Connecticut* In a recent 
paper, I expressed surprise that almost no one was concerned ^Mth 
the physiological properties of the cells which make up approx- 
imately 50 per cent of the brain, namely, the glial cells {Proc Xat 
Acad Set , 47 129-136, 1961) 

Recent developments along several lines suggest that important 
new concepts of brain action will emerge from studies such as 
those that Hyden, among others, has been doing Hyden’s idea, 
which I, too, find attractive, is simply that the functional unit m the 
brain is not the neuron by itself, but rather the neuron plus the 
glial cells which surround and attend it This idea can be illustrated 
vividly by considering the underlying processes in a disease such as 
multiple sclerosis Myelin is a product of normal glial cells, there- 
fore, a demyelmating disease must be fundamentally a disease of 
the glial cells of the brain Function is lost when these cells become 
incapable of investing tlieir neurons with the myelin sheath, and 
perhaps when ghal cells reinvest their neurons with myelin, the 
function returns In a similar way, certain neuronal pathways in 
the embryo and those in later stages of embryonic development do 
not function properly until they become myelinated In both 
instances, some unknown contribution is made to the neuron by 
glial cells For a number of years it has been an accepted concept 
that the glia must be making such contributions One vvaiches 
with great interest the experiments of Hyden and others who have 
developed at last the techniques by which glial contributions to 
brain function can be defined 
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AUDITORY SIGNALS* 
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1. HERE IS a longjng jn the air among neurophysiologists and 
psychologists to discover the central correlates of beliavior and 
internal wpcnencc The assumption is made that behavior and 
conscious experience must be related to brain processes, and tfiat 
these processes might be detected by appropriate physiological 
recording techniques 

We do not know wlicthcr the significant functions arc neural or 
ghal in origin, or a combination of both Tlic most important cor* 
relates ma\ be chemical, of course, but these are more difiicult to 
follow than electrical responses and more difiicult to time accurately 
'1 heir study requires sampling of iissucor sacrifice of the animal, at 
least with present techniques rhcrcforc, considerable hope attends 
clcctrophysiological experiments tliai might providctlic easiest cor* 
relation between brain events and psychological processes 

Most of the recent vsork on conditioning focuses on electrical 
activity m the cerebral cortex or in subcortical structures thougfit 
to be related to memory, motivation, and alertness, such as the 
inppocampus, hypothalamus, and reticular formation In the 
Laboratory of Ncurobiology we arc following another approach 
We suspect that at least some of die modification of perception by 
motives, attention, and c\j>cctaUon may take place m the sensory 
pathway itself, ratlicr than entirely in the so-called “integrative” or 
“association” areas A possible anatomical substrate for sensory 
modulation is provided by the descending pathways associated with 
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the physiological properties of the cells which make up approx- 
imately 50 per cent of the brain, namely, the glial cells {Ptoc Kat 
Acad Set , 47 129 136, 1961) 

Recent developments along sexeral lines suggest that important 
new concepts of brain action will emerge from studies such as 
those that Hyden, among others, has been doing Hyden’s idea, 
which I, too, find attractive, is simply that the functional unit m the 
bram is not the neuron by itself, but rather the neuron plus the 
glial cells which surround and attend it This idea can be illustrated 
vividly by considering the underlying processes in a disease such as 
multiple sclerosis Myelin is a product of normal glial cells, there- 
fore, a demyelmating disease must be fundamentally a disease of 
the glial cells of the bram Function is lost when these cells become 
incapable of investing their neurons with the myelin sheath, and 
perhaps when gUal cells reinvest their neurons uitli mychn, tlie 
function returns In a similar way, certain neuronal pathways in 
the embryo and those in later stages of embryonic development do 
not function properly until they become myelinated In both 
instances, some unknown contribution is made to the neuron by 
glial cells For a number of years it has been an accepted concept 
that the glia must be making such contributions One watches 
with great interest the experiments of Hyden and others who hive 
developed at last the techniques by which glial contributions to 
bram function can be defined 



Chapter 

IV 

EFFECTS OF CONDITIONING ON 
AUDITORY SIGNALS* 

Da\ id Gaijn M D 


i HERE IS a longing m the air among neurophysiologists and 
psychologists to discover the central correlates of behavior and 
internal experience The assumption is made that behavior and 
conscious experience must be related to brain processes, and that 
these processes might be detected by appropriate physiological 
recording techniques 

We do not know whether the significant functions ore neural or 
glial in origin, or a combination of both The most important cor- 
relates may be chemical, of course, but these are more difTicuU to 
follow than electrical responses and more difficult to time accurately 
Tlicir siudyrcquircssampling of tissueor sacrifice of the animal, at 
least with present techniques Tlicreforc, considerable hope attends 
clcctrophysiological experiments that might provide the easiest cor- 
relation between brain events and psychological processes 

Most of the recent work on conditioning focuses on electrical 
activity m the cerebral cortex or in subcortical structures thought 
to be related to memory, motivation, and alertness, such as the 
hijipocampus hypothalamus, and reticular formation In the 
Laboratory of Ncurobiology we arc following another approach 
\Vc suspect lliat at least some of the modification of perception by 
motives attention, and expectation may take place m the sensory 
pilliway Itself, rather than entirely m the so called "integrative” or 
“association'' areas A possible anatomical substrate for sensory 
modulation is prov idcd by the descending pathw ays associated with 
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Fig I From Calambos R Processing of Aud«ior> Information In Brain end Be 
honor M A Brazier (Editor) 1961 Lo«er figure shows click cNoVtd response in 
auditor! cories before and after bilaicral section ofbrachiom of infenor colliculus 


the sensory systems Some of these pathways ha\e already been 
show n to afTccl transmission through sensory relay nuclei We ha\ c 
begun by testing sescral le\cis of the auditory pathway simul- 
taneously under conditions uhich might preside some insight into 
mind brain corre/ations 

To begin vsith, I shall describe a fess of the findings obtained bs 
Dr Arnold Starr Dr Peter Carmel and Dr Robert Livjngston, 
svho initialed these techniques in this laboratory This ma\ help in 
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cstabli^Inng background for m\ principal subject, uhich is con* 
ditioning m the auditor)* pathuu) 

Dr Starr and Ur Livingston introduced the idea of looking for 
effects of stimulation vvhich might last longer than milliseconds or 
seconds Tlic) were led to this idea b) the commonplace subjcctuc 
experience of long-lasting effects following prolonged, intense stim- 
ulation A dramatic example of this is the phenomenon of “sea- 
legs,” the persisting sensation of motion following a rough <cn 
\o)agc Tins may last for da)S on dr) land Starr and Livingston 
hoped that a stud) of the neuropli)siological changes i)ndcrl)ing 
this distortion of perception might shed light on the wav in which 
we organize raw sensory data into percepts In the past, most 
studies of auditor) mechanisms have anal)7cd responses to tran- 
sients such as clicks or tone pips, rather than using prolonged 
stimulation Responses to brief stimuli arc so widespread in the 
brains of waking animals, and so similar in configuration regard- 
less of brain region, that some investigators have questioned what 
may constitute the limits of the auditor) pathv\a> Tor example, 
in Figure 1, Galambos lias shown remarkably similar responses to 
clicks in cingulate and supras)lvian coucx, habenula, lateral h)po- 
thalamus, caudate nucleus, and subcortical uhitc matter 
Ur Starr and Ur Livingston began by recording simultaneous!) 
from several levels in the auditory paihwa) of unrestrained, un- 
anesthetized cats Tlic animals were exposed to loud stead) white 
noise for up to twenty-four hours LIccincal activji) at each elec- 
trode Stic was recorded before, during, and after sound exposure 
They found that sustained responses to prolonged noise arc con- 
fined to the classical auditory patlwxay, in contrast to click re- 
sponses Figure 2 shows (above) samples of the oscilloscopic 
response and (below) a measure of the averaged amplitude of 
electrical activity An increase in the vxuUh of the oscilloscope 
beam or a nsc in the averaged trace indicates augmented elccincal 
activity in the region of the electrode Tlic upper recordings arc 
from tlic round w^ndow Note that there is verv little spontaneous 
nctivU) in tins location When the noise liegins there is a prompt 
increase in activity which persists until the noise is lurned off two 
hours later. At offset, the activity falls Inrk once more to the con- 
trol level Note also that there is a slow rwe in amplitude m the 
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ON cecKL£»s huaeui 

*HTF NOSE wsuTt 

Fig 2 R«pon$« to 2 houncomiRuous'^hite noise lumulaiion recorded at round 
wmdov. (upper group) and cochlear nucleus (lower group) Samples ofoscillo* 
scopic record (aboie) and averaged rectified response amplitude (^lov ) in each 
group (See text for discusj on ) From Siarr A and Livingston R B Long 
lasung nervous svstem responses to prolonged sound stimulation in waking cats 
J \mophjistol ’d 416 1963 

first ninet) minutes Dr Starr and Dr Carmel showed that tins 
rise IS due to a slow relaxation of the middle car muscles It is not 
due to fatigue Notice also the bnef but deep dips in the averaged 
trace These arc due iddle car muscle contractions associated 
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on MrctoSffcouiaurs e^r 

WHiTt NOISE —‘IVMtJTt 


f>g 3 Responsrs tu 2 hours continuous white noise stimulauun recorded at 
sui>erior oIi\e (upper group) and inferior coihculus (lower group) Samples of 
oscilloscnpic record (abosc) and averaged rectified response amplitude (below) 
in eicli group (Sec text for discussion ) from Starr A , and Livingston, R tl 
Lung lasiing nervous svstem resfxinscs to prolonged sound sumulaiion in waking 
cats J Sturof'hjiitol 26 4J6 1063 


Figure 3 shows tlic responses ai the superior olive and the in- 
ferior colliculus J he marked difrcrcucc hctvveen tJiesc iwo sta- 
tions in spontaneous actmt> is apparent Tlic rise m amplitude 
of electrical nciivu^ in response to the same sound is smaller in the 
inferior colliculus, but it is tnaintamcd for the dur.’ttion of the stimu- 
laiion Die depression of spontaneous activitj after termination of 
the noise is more pronounced and lasts longer ns the aitditorj pith- 
way IS ascended from liic round window to the infenor colliculus 
In the colliculus and above, the decrease in rcsjxinse with bo'ly 
movements persists even if the car muscles arc destroyed Ap- 
pirently in the colliculus these dips represem a central cHcct of 
movement, ratlicr than reflecting the pcnplicral decrca-sc m input 
energy due to the car muscles 

llic res|>on5Cs of the medial geniculate and auditory cortex arc 
shown in i'jgurc 4 Again note the marked diflercnce m the spon- 
taneous activity In the mcdnl geniculate there is only a slignt 
increase in activiiv at the onset of the noise 'Hus is usunlly not 
sustained for the duration of the stimulation, and often returns to 
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Fig 4 Responses to t>'0 hours conimuous white noise stunulaiion recorded at 
medial geniculate bodv (upper group) and auditoi^ corteT(lowerfroup} Samples 
of osolloscopic record abo\e and a\eraged rectihed response amplitude below 
in each group Circled area in cortex shows the onlv poinis giMng a sustained 
response to sound (See text for discussion ) From Starr. \ , and laxmgston 
R B Long lasting nenous svstem responses to prolonged sound stimulation 
in waling eau J \rjt6fhptol .V 4J6 1963 


control lc\el m less than a mmutc Tliere ma\ be a small after* 
effect foIlo>smg discontinuation of the noi«e 

In the cortex onK a \erv small zone near the tip of the pos- 
tenor cctos> h lan sulcus shoxvs am sustained response to prolonged 
stimulation Tlie response in this auditor} area to sound is a de* 
crease below the lex el of spontaneous actmtx At offset the ampli- 
tude returns to the spontaneous lexcl abruptl> or within a few 
minutes None of the other coritcaJ sites shown here, including the 
majont) of Af aff of \ff £P and the suprasxfxian g>Tus, shows 
an\ sustained response 

In summar} then ihc<e techniques reveal striking dilTcrcnccs 
among the several stations of the auditor} pathwav Each station is 
charactenzed b> its own level of spontaneous activitv, us owm 
pattern of re^pon-^ to prolonged sound, and bv the changes it 
shows that outlast the stimulus In marked contrast to the ubiqui- 
tous click-evoked transients the sustained response to prolonged 
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noise and the depression of spontaneous acti\UN that follows u 
seem to be confined to the classical auditor) pathwa) I'urthcr, 
these results demonstrate that the <cnsor) nuclei are d)namic, 
changing their activity m a that is not simpl> or dircctl) 
related to the stimuli in the outside world For example, the ear 
muscles, playing their role in attenuating sound csen before it 
reaches the receptor, produce a changing level of aciivu) m the 
presence of an unchanging stimulus Tliereforc, it is no longer 
adequate to think of the sensory s)stcm as a simple senes of rela>s 
carrying a relatively one-to-one representation of the outside world 
up to the cortex, there to be analyzed and integrated 
Building upon these results, and using the same techniques, I 
liavc been concerned with tlic following question Docs the acti\tt> 
evoked along the sensory pathwa) change vvhen the stimulus 
changes in its significance for the animaP For example, when a cal 
IS hungry, and the sound has been associated with food, vvill tlic 
response in tlie auditory pathway be difrcrent from the response to 
neutral sound^ Will it differ from the response to the same sound 
repeatedly associated with an clccinc shock’ If indeed tliere is a 
difference in the response when the significance of the signal is 
changed, will this difference be observctl throughout the entire 
pathway, or will it be localized m one or more of the nuclei’ 

I have been using a vcry'simplePavlov lanconditioningparndigm 
as a first crude approach to this question Multiple electrodes are 
implanted m the auditory pathway of cats The animals arc exposed 
to moderate intensity noise which lasts for several minutes After 
the pattern of response to noise alone is established, training begins 
The cal rccciv es sev eral clcctnc shocks spaced randomly during the 
noise There arc twenty such noise and shock pairings in a day's 
run Tim scheo'uj'c is conunucc/ untti w/iafcscr c/iiinsjr? txTrrrr 
become stabilized Then the conditioning is cxtmguislicd bj re- 
peating the noise exposure without any shock reinforcement In 
another senes an exactly parallel procedure is followed with foot! 
as the rcinrorcemcni instead of clcctnc shock 
Tlic stud) is not yet completed, hut it is far enough along so that 
a look at the preliminary results js encouraging, at least, if not 
dcfinitivx It appears that the response m the sensory system does 
change when the significance of the stimulus changes Further, the 
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changes seem to be localized m certain regions along the path\sa> 
In the case of negative reinforcement the changes are seen pre* 
dominantly in the inferior colliculus The rise m activ it> ev oked by 
sound is in this case attenuated or abolished At the same time 
there is no change in the response recorded at the cochlear nucleus 
Apparently the ear muscles are not involved m this attenuating 
process In contrast, during positive reinforcement vvhere food is 
associated with sound instead of with shock, there is no attenuation 
in the colliculus response In the feeding situation it appears that 
the medial geniculate changes, showing an increase in amplitude of 
sustained response This is in contrast to the shock-conditioning 
situation where the medial geniculate shows no consistent change 
from the usual response During the negative reinforcement, then, 
It is the inferior colliculus that shows attenuation, during positive 
reinforcement it is the medial geniculate that shows augmentation 
Figure 5 shows the rectified, averaged amplitude of activity in 
the inferior colliculus over the course of training and extinction 
The scale is arbitrary but consistent from day to day The control 
record shows the rise at onset of sound It lasts for the duration of 
the sound, 1 5 to 2 5 minutes Tlie level fluctuates altiiough tiic 
noise is constant and the animal is not moving At the offset, a 
more variable depression of the spontaneous activity is seen with 
only two minutes of noise than was observed with tlie two hour 
period of stimulation used by Dr Starr The second record is from 
the first day of shock training Several shocks are delivered while 
the noise is on There is no change from the control trnls Tlic 
following record was taken on (he sixth day of training When the 
noise goes on there is a brief nse in activ ity , but it falls to (he spon- 
taneous level and remains there Note that the aftcr-depression still 
appears, although if one looked only at (he response level, it would 
seem that there is no response to the continuing sound This change 
faiA ihe Hfih ejf {raecteetg Tkes 

spon'e pittern persisted for fifteen days of shock reinforcement 
In a single day s run the infenor colliculus response may vary 
from full size for si\ to seven trials, to completely attenuated, and 
then become only moderately attenuated This fluctuation may be 
punctuated by a brief period of motor activity, such as grooming, 
or It may occur with no observable behavioral changes No correla- 
tion was noted with the animal’s apparent state of arousal, w hether 
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6tn DAY 
NOISE ALONE 



Fig 6 Comparison of samples of averaged amplitude of electrical activity in 
cochlear nucleus and inferior colliculus during noise presentations m negative 
conditioning and extinction "Sole reversible reduction of colliculus response 
during training and no change in cochlear nuclear response Cal No 1 


full size AftereMinction vvascompletcthecatwasrctrained Shocks 
were again gi\cn in association with the noise and the auditor) 
response was reduced prompti) with the \cr) first shock 

Figure 6 shows the responses to the noise over the course of 
training and extinction in a lower station, the coclilcar nucleus, in 
comparison with the inferior colliculus response Thereisnochange 
in the cochlear nucleus from the control level vvhen the shock is 
introduced on the first da), or on the sixth da) when tJie inferior 
colliculus response is complctcl) abolished, or during extinction 
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Fig 7 Comparison of change tn response with change m noue intensity m iimul 
taneous recordings from inferior colliculus and cochlear nucleus Cat Mo 1 
during negative conditioning 65 db noise trial is followed by 85 db noise trial 
Evoked rise in acuvity in inferior colliculus is not inamtamed for duration of 
stimulus even with the very loud noise Cochlear nucleus response is appropriately 
larger with louder noise 


Figure 7 shows two successive noise presentations during nega 
tive conditioning One is at the usual moderate level, 65 db The 
next IS very loud, at 85 db The attenuation of the response in the 
inferior colliculus is essentially the same regardless of the intensity 
Tlie lower trace is a simultaneous recording from the cochlear 
nucleus during these two trials There is the usual amplitude 
response to 65 db, and the usual appropriate increase in amplitude 
for the more intense sound 

The records m Figure 8 are from the inferior colliculus of another 
cat in the course of training with noise and shock When shock is 
introduced on the first training day there is no change from the 
control level of response, but by the sixth day the responses are 
only half the size of the controls 

Figure 9 shows the inferior colliculus response m the first animal 
during positive conditioning Here food is given during the noise 
instead of electnc shock There is no change in tJie level of response 
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Fig 8 Samples of a%craged amplitude of clccirical actj\it> m inferior colliculus 
during negaiue conditioning in Cat No 2 White noise Ta db Evoked aciivil) 
falls to half the amplitude of control evoked activ ii> during training 




Fig 9 Samples of averaged amplitude of electrical activ il> in inferior colliculus 
during positive (food) conditioning m Cat No 1 Rise in marking pen indicates 
noise on vertical strokes indicate dcliver> of food reinforcement No change in 
lev el of activ itv evoked b) noise itself High amplitude bursts of activ itv occur onl> 
when noise is off Background activ itv returns to stable control level in course of 
extinction (Compare to Fig a control and extinction ) When food reintroduced 
high amplitude background acuviev appears again 
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to noise, but there is a marked diflcrencc in the pattern of spon 
taneous actiMty as compared uith the shock situation Ver> large 
amplitude excursions of the recording pen are seen in the intcr\a!s 
when the noise is off Some of these excursions are associated with 
licking the chops and grooming, but most of them arc not correlated 
with an> obsersable motor acti\u> After ten da>s of food associ- 
ated with noise the pattern has become more distinct The first 
extinction da) shows the same pattern during the mtenal be- 
tween noises e\en though there is no feeding and no associated 
motor actiMt) Howeser as extinction proceeds, the more stable 
control pattern of aciivii) reappears and again there is no change 
in the amplitude of the response The bottom trace shows the last 
extinction trial and the first retraining trial When food is again 
associated with the sound the high amplitude excursions follow 
immediately after discontinuation of the «ound Thus we <ee that in 
the inferior colliculus dunng posmse (food) conditioning tlie high 
amplitude actnity between noise presentations increased dra- 
matically but the response to the noise itself did not change In the 
same animal at the same electrode site negatwe (shock) condition- 
ing 15 associated with a dramatic attenuation of the response to the 
noise and no change in the background aciiMty 

CONCLUSIONS 

\\ hat then can be said in the light of this study about possible 
electrophysiological correlates of bchaMOr in the auditory system^ 
It has been demonstrated that each level of the auditory path- 
way has an individual characteristic electrophysiological pat- 
tern Each station differs in its spontaneous activitv and in the 
simphcitv with which its response amplitude reflects the sound 
m the environment Each differs in the degree to which pro- 
longed stimulation modifies its spontaneous activity Evndently, 
the auditory pathwav cannot be treated as a simple relay system It 
has also been pointed out that considerable plasticity is introduced 
in the early stages of the input pathwav Plasticitv is exhibited in 
the slow relaxation of the car muscles and by the increasing level of 
evoked response dunng a steady stimulus It is also exhibited by the 
long delay m return to control level of activity following prolonged 
stimulation The plasticity of this sensory pathwav will permit 



Fffrcts oj Conditioning on Auditory Signals 


dmnges in activity when only the significance of the stimulus is 
changed Of course, these arc only preliminary results, but these 
general conclusions seem warranted 

A most encouraging finding is that the changes in response that 
occur m the conditioning situation are localired, rather than 
generalized over the whole length of the pathway This si ould 
make it easier to search for the other brain structures invoked in 
the control of the response 

It appears then tliat clcctrophysiological techniques may permit 
us to visualize changes m the brain processes associated with 
significant behavioral situations 


DISCUSSION OF CHAPTDR IV 
Dr. J. Donald Harris, New London, Connecticut Dr Calm s 
paper raises many questions As a psychoacousiiciaD 1 would like to 
evpiore certain behavioral events which may be correlated with 
some of the figures that were used m this presentation 

During the course of stimulation, and immediately following, 
several distinct events can be shown to occur First, one has what is 
known as “perstimulatory adaptation” occurring while a lone is 
sounding — a continuoui tone or noise similar to the noise vvJnch 
Dr Galin lias used In fact, the car experiences a decline or dccrc* 
menl in the sensation which can only be matched by a 20 db in- 
crease at the end of two or three minuics This could not be muscle 
relaxation because relaxation of the car muscles would cause an 
increase rather than a decrease, as actually occurs Second, there 
IS another feature called residual or short adaptation fatigue winth 
IS not the same hiociiemical basis that changes the operating level 
of the car so that dunng a stimuhis 20 or 30 tfii ov cr ifircsfiofcf the 
car adopts a new operating level It takes only about a third of a 
second to recover from this adaptation 1 licrc arc other cfTccts, but 
the “pcrstimulaiory adaptation” is perhaps a likely candidate for 
one of the declines which you have shown in one of jour slides 
One of the first investigators, Hood, likened this phenomenon to 
neural equilibration h may be that it is a more central phenom- 
nion tlmn th.it which took two or three minutes on the lime scale 
in your graph 
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to noise, but there is a marked difference m the pattern of spon 
taneous activity as compared with the shock situation Ver> large 
amplitude excursions of the recording pen are seen m the intervals 
when the noise is off Some of these excursions are associated with 
licking the chops and grooming but most of them ate not correlated 
with any observable motor activity After ten days of food associ- 
ated with noise the pattern has become more distinct The first 
extinction day shows the same pattern during the interval be- 
tween noises, even though there is no feeding and no associated 
motor activity However, as extinction proceeds, the more stable 
control pattern of activity reappears, and again there is no change 
m the amplitude of the response The bottom trace shows the last 
extinction trial and the first retraining trial When food is again 
associated wadi the sound the high awphiude excursions folhu 
immediately after discontinuation of the sound Thus we see that in 
the infenor colliculus during positive (food) conditioning the high 
amplitude activity between noise presentations increased dra- 
maticaU> , but the response to the noise itself did not change In the 
same animal at the same electrode sue, negative (sliock) condition 
ing is associated with a dramatic attenuation of the response to the 
noise and no change in the background activit) 

CONCLUSIONS 

What then can be said in the light of this stud> about povsiblc 
elcctroph)siological correlates of behavior m the auditor) s>’Stcm’ 
It has been demonstrated that each level of the auditory path- 
way has an individual, characteristic elcclroph)sio!ogical pat- 
tern Each station differs in us spontaneous activii) and in the 
simplicity with which us response amplitude reflects the sound 
in the environment Each differs in the degree to which pro- 
longed stimulation modifies its spontaneous activity Evidently, 
the auditory pathway cannot be treated as a simple relay sy stem It 
has also been pointed out that considerable plasticity is introduced 
m the early stages of the input pathway Plasticity is exhibited m 
the slow relaxation of the ear muscles and by the increasing lev el of 
evoked response during a steady stimulus It is abo exhibited by the 
long delay in return to control level of activity following prolonged 
stimulation The plasticity of this sensory pathway will permit 
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than that which took two or three minutes on the time scale in 
your graph 

I have one more question Do you or any of your colleagues have 
a comment on the behavioral aspect’ 

Dr David Galin, Betbesda, Maryland Do you mean per 
ceptuaP 

Dr Harris \es behavional or perceptual, both aspects arc 
used m testing animals or people 

Dr Galin Well that is what we are interested in It is difBcult 
to find out what the cat is actually hearing Our next senes of 
experiments will be concerned with instrumental conditioning We 
will be able to test the animals responses and observe whether 
threshold changes occur and if there is a change in the animal s 
ability to distinguish between two sounds wlien diflercnttally re- 
inforced 

Perhaps the attenuation of response that we observed m the in- 
ferior colliculus is related to the kind of phenomenon that we ex- 
perience when we reject hearing something that we do not wish to 
hear For example when my wife tells me to take out the garbige, 

I very often do not hear her although the sound level is perfectly 
adequate This is not the fatigue effect it is some higher process at 
work We would like to think that we have localized at least one 
site of the action of some of these higher processes on the incoming 
signal but perhaps this is rather grandiose at this stage of our 
experiments 

Dr Hams 1 have one other point that Ins troubled me to some 
extent You were contrasting reward with shock From what you 
have said I do not think that you have tried to establish whether 
avoidance of shock would be the same neurologically as reward 
reinforcement 

Dr Galin The animals in these experiments were not doing 
anything m order to get the food reinforcement The food was un 
avoidable and so was the shock 

Dr Harris That would be a classical Pavlov lan paradigm llic 
point in question is whether the avoidance of an unpleasant stimulus 
is the same tiling as reward 
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AUBITORY TESTS FOR DISORDERS OF THE 
CENTRAL AUDITORY MECHANISM 

Jaxjes Jercer, Pn D * 


1 HE design and validation of auditory tests for disorders of the 
central auditory mechanism have alna)s been limited by the ex- 
tremely elusive nature of the auditory symptoms associated with 
these disorders Indeed, the most significant thing one can say 
about them is that they barely exist Unlike the peripheral auditory 
mechanism, which is quite susceptible to injury, the central audi- 
tory system seems almost impervious to massive damage 

A tiny piece of wire inadvertently dropped into the labyrinth 
during stapes surgery can cause severe or even total deafness m that 
ear, yet an entire temporal lobe can be removed and the effect on 
hearing is so slight that we must go to very great lengths indeed m 
our laboratory to show that the patient’s auditory system is not 
entirely normal 

Early students of central auditory lesions were typically pre- 
occupied with “central deafness,” by which they meant a genuine 
loss in threshold acuity due to a central nervous system (CNS) 
lesion Most investigators recc^nized that unilateral lesions Jiad no 
demonstrable effect on the threshold of either ear, but some felt 
that the comparatively rare bilateral lesions could cause severe or 
even complete “deafness ” Agreement on this point has always been 
less than unanimous, however Tlie literature includes studies 
describing degrees of “deafness” ranging from a slight high fre- 
quency loss to complete lack of rwponse to sound * « 

‘Director of Reseach, Houston Speech and Hearing Center, and Research Associ- 
ate Professor of Audiology, Baylor University College of Medicine, Houston Texas 
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R Goldstein* has recenil> summarized, m most lucid fashion, 
the intrinsic limitations of these earlj reports on so-called “cortical 
deafness ’ He concludes that there is still no totally convincing 
evidence that bilateral lesions produce any appreciable deficit 
in threshold acuity 

We shall probably hav e to be content for some time to come with 
the generalization that there is no definite proof that either uni- 
lateral or bilateral lesions have anv effect on threshold acuity 
Implicit in the<fe negauve results is the naming sign that tonal 
stimuli and simple responses are probably not the most fruitful areas 
in which to seek audiologic correlates of C\S lesion 

The first really significant breakthrough on this problem was 
achieved in the earlv 19d0s when BtKca and his colleagues’ * * * 
in Italy showed that the ability to understand distorted speech vvas 
modified substantially in the contralateral car of patients with 
temporal lobe tumor In a senes of ingenious evperimcnts Bocca’s 
group systematicallv varied the redundancy of speech messages by 
means of low pass filtering acceleration of rate, penodic interrup- 
tion and variation in message length In essence they found that 
am reduction in redundancy produced the desired effect, but that 
low -pass filtering provided the most effective clinical technique for 
the diagnosis of temporal lobe tumors 

\ «econd fruitful source of diagnostically useful tests has been the 
study of binaural interaction effects in patients with central auditory 
lesions Both e\tracramal“ *' and intracranial'* “ ’* localiza- 
tion judgments empjoving either tonal, noise or click stimuli have 
been studied c\tensi\elv but a clinically useful technique remains 
to be developed It seems likely moreover, that here again speech 
stimuli will prove more effective diagnostically Verbal material 
can be used in i vaneev of way^ to study bmaural interaction 
effects A single message can be divided in such a way that each car 
receives only part of the total informational content, cither by 
selective distortion* < " '* >» or b\ rapid penodic switching 

between ears ’ " Another possibilitv is to present two messages 
simultaneously one to each car and study the extent to which one 
interferes with the other * * '* ** Tins latter technique, the so- 

called ‘ competing message situation does in fact appear to be 
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the most promising cjinical technique currentlj at our disposal for 
identifying central auditory lesions 
W e recently undenook studies to evaluate tlie rela tn e efficac) of 
some selected techniques based on these considerations as pre- 
dictors of central auditory lesion * 

In the course of this stud) an attempt was made to determine the 
effect of lesions, at various Icxels along the auditor) paih%\a>s, on 
the subject’s ability to understand certain kinds of verbal material 
Tiventy-four patients with objectne evidence of organic central 
nervous system disease were tested For purposes of analysis the 
results of these tests have been categorized into four groups Group 
A consists of seven patients with brain stem lesions not involving 
the auditory system Group B consists of seven patients with 
clinical manifestations of unilateral brain stem involvement at a 
level which suggests the coexistence of damage to the auditory 
pathways Group C consists of si\ patients with unilateral temporal 
lobe lesions involving Heschl’s gyrus, and Group D of four patients 
with brain tissue destruction affecting the cortex but not involving 
Heschl’s gyrus 

In all patients of Group A the destructive process was located in 
the brain stem, presumably below the cochlear nuclei In certain 
patients the lesion was above this level, but confined to the most 
anteromedial portions of the bram stem Group B patients had 
clinical signs of damage to the posterolateral regions of the brain 
stem either at or above cranial VJII Group C patients had lesions 
involving the superior temporal convolution, with probable in- 
volvement of the area known as Heschl’s gyrus Group D patients 
had destructive processes involving either parietal or frontal lobes 
or areas of the temporal lobe remote from the superior convolution 
In all patients of Groups A and B the underl)ing disorder was a 
v'ascular accident, hemorrhage or thrombosis, and the presumed 
sue of lesion was determined on the basis of an extensive clinical 
neurological examination 

*This study was a joint project of the Department of Communicitive Disorders and 
the Department of Neurology and Psychiatry Northwwicrn Unnersity. md was 
supported under research grant B 1310 from the Nntional Institutes of Health V S 
Public Health Service 
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In the case of Groups C and D a[I lesions resulted from surgical 
removal of brain tissue The presumed site of lesion uas based on 
the neurosurgical operative report, supplemented b> a detailed 
clinical neurological examination 

Threshold acuity for pure tones was measured on both ears of 
each patient b> means of a Bekesy audiometer Figure 1 shovvs the 
result Pure tone acuity was well uithm normal limits on both the 
homolateral and contralateral cars in all groups No patient, as a 
matter of fact showed any kind of significant “heanng-loss” m 
the sense of diminished threshold acuity All audiograms were 
quite normal on both ears The dashed line is the present American 
standard heanng level for normal young adults 

Each patient was next given a senes of si\ tests involving verbal 
matenal Figure 2 shows these results Five of the six tests involve 
single word intelligibility, the sixth explores senience intelligibility 
The tests may be charactenzed bnefly, as follows 

UL means “undistorted loud ” The subject must repeat back 
fifty phonetically balanced (PB) words presented in a earner 
phase at a level 50 db above the threshold sound pressure level at 
1000 cps 

UF means ‘ undistorted faint ’ Again 50 PB words are presented 
to each ear, but now the carrier phrase is only 30 db above the 
1000 cps threshold 

LPFS means low-pass filtered speech ” Fifty PB words arc pre- 
recorded through a low -pass filter with a cut-off at 500 cps and a 
rejection rate of 17 db per octave Thclcvelis loud, 60 db above Ik 
but the words are quite muffled and difficult to understand 

SWAMI means speech with alternating masking index ” Fifty 
words are presented to both ears simultaneously, but a much 
louder masking noise alternates betvvcen cars once per second Hie 
noise IS 20 db more intense than the speech As a result of this inter- 
rupted masking noise, intelligibility is quite poor on cither car 
separately, but the binaural signals complement each otiicr in 
time The normal brain apparently fuses the speech information 
from the two ears effectivelv, and intclligibiliiv is not appreciably 
impaired 

In Test No 2, 50 PB words arc presented at a level 50 db above 
the Ik threshold to one car, while simultaneously a different talker 
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Fig 2 Mean mteUigibiliiy scores for homolateraJ and contralateral cars for all 
groups on various speech materials 


reads a complete sentence on the other ear at a level 10 db more 
intense than the PB words The subject must ignore the sentences 
on one side and repeat back the PB words he hears on the other 
side 
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Test No 3 IS similar to Test No 2 evccpt that the test signal is a 
complete sentence requmng a multiple-choice answer, and the 
competing signal on the other ear is the continuous discourse of two 
separate talkers 

Except for S\VAMI, which is a binaural test, results of these six 
tests are expressed separately for the two ears, the ear homolateral 
and the ear contralateral to the alTected side of the brain Each 
number represents the mean percentage of correct responses for 
the given subgroup 

is essentially a control group It consisted offour patients with 
posterolateral lesions below cranial VIII and three patients with 
anteromedial lesions There was little reason to expect involve- 
ment of the auditorv pathways m any of these patients Test 
results are quite normal and bilaterally symmetrical We note, m 
Group B, a constant dilTcrcncc between homoIaferaJ and contra- 
lateral ears of about 20 per cent for PB v%ords, no matter how they 
are presented There is no difTercnce between ears on Test No 3 
which involves only sentence intelligibility SWAMI is down, but 
not much more than one would expect from the basic PB score 
on the contralateral ear This relatively negative finding was quite 
unexpected It agrees with other evidence, however, in suggesting 
that the mechanism of binaural fusion is situated at a relatively low 
level in the brain stem and is not appreciably affected by lesions 
at only slightly higher levels 

In summary, the picture m this brain stem group is quite straight- 
forward a reduction of about 20 per cent for PB vsords on the 
contralateral car irrespective of the context in vshich they arc pre- 
sented, and, on Test No 3 {sentence mtclhgibihiy against competing 
speech) no appreciable difficulty 

In the temporal lobe group results arc surprisingly similar 
Again, tilers is a etxisiant loss of about 20 per cent for PBs on the 
contralateral car, and the SU AMI score is no lower than would be 
expected from the UL PB score on the contralateral ear On Test 
No 2, however, the differential betvseen cars is much greater than 
in the brain stem group Also, in this group we observe a substantial 
differential on lest No 3, which was unaffected in the brain stem 
group These two tests. Nos 2 and 3, differ from the others in that 
they involve a pnmary signal to which the listener must attend in 
the presence of a secondary or competing signal on the non-test ear. 
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It IS inicrc«iing to note that a sitnitficant breakdown on tins sort of 
task was obsersctl tn the temporal lobe group but not in iJic bmin 
stem group 

Group D shows test results in four patients, three wiilj parietal 
lolxr lesion and one with rcmo\al ofonb the po^tc^or inferior por- 
tion of the temporal lobe ’Hie difTcrential bciw cen cars is consider- 
ably less than in the temporal lobe group, but the fact that it sliould 
be present at all in this group is somewhat disturbing It may 
be that these tests arc scnsimc to any cortical damage A more 
likely explanation, howc\cr, would suggest that the auditor\ 
system fiad sustained «omc ^condary damage during die neuro- 
surgical procedures to which all of the patients in this group had 
been subjected 

Figure 3 show-s these same data m the form of the difTcrcncc 
between liomolatcral and contralateral car* It illustrates the 
slightly different profiles oscr the entire test battery obtained in 
brain stem and temporal lobe lesions 
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Test No 3 IS similar to Test No 2 except that the test signal is a 
complete sentence requinng a multiple-choice answer, and the 
competing signal on tlie other car is the continuous discourse of two 
separate talkers 

Except for SWAMI, which is a binaural test, results of these six 
tests arc expressed separate!) for the two cars, tlie ear homolatcral 
and the car contralateral to the aficcicd side of the brain Each 
number represents the mean percentage of correct responses for 
the given subgroup 

\ IS cssentiall) a control group It consisted of four patients witli 
posterolateral lesions below cranial VIII and three patients with 
anteromedial lesions There was little reason to expect involve- 
ment of the auditor) pathvva)s in an) of these patients Test 
results arc quite normal and bilaicrall) s)Tnmctrical We note, in 
Group B, a constant difference between homolateral and contra- 
lateral ears of about 20 per cent for PB words, no matter how they 
arc presented There is no difference between cars on Test No 3 
winch involves only sentence intelligibility SWAMI is down, but 
not much more than one would expect from the basic PB score 
on the contralateral ear This relatively negative finding was quite 
unexpected It agrees with other evidence, however, in suggesting 
that the mechanism of binaural fusion is situated at a relatively low 
level in the brain stem and is not appreciably affected by lesions 
at only sliglitly higher levels 

In summary, the picture in this brain stem group is quite straight- 
forward a reduction of about 20 per cent for PB words on the 
contralateral car iirespective of the context m which tliey are pre- 
sented, and, on Test No 3 (sentence intelligibility against competing 
speech) no appreciable difficulty 

In the temporal lobe group results arc surprisingly similar. 
Again, there is a constant loss of about 20 per cent for PBs on the 
contralateral car, and the SWAMI score is no lower tlian would Ijc 
expected from the UL PB score on the contralateral car On Test 
No 2, however, the differential between cars is much greater than 
m the brain stem group Also, in this group wc observe a suVisiantial 
differential on Test No 3, which was unaffected in the brain stem 
group Tlicsc two tests, Nos 2 and 3, differ from the others in that 
they involve a primary signal to vvhich the listener must attend in 
the presence of a secondary or competing signal on the non-test car 
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It IS mieresting to note that a significant breakdown on this sort of 
task was observed in tlie temporal lobe group but not in the brain 
stem group 

Group D shows test results m four patients, three with parietal 
lobe lesion and one with removal of only the posterior inferior por- 
tion of the temporal lobe Tlic differential betivcen ears is consider- 
ably less than in the temporal lobe group, but the fact that it should 
be present at all m this group is somewhat disturbing It may 
be that these tests are sensitive to any cortical damage A more 
likely explanation, however, v^ould suggest that the auditory 
system had sustained some secondary damage during the neuro- 
surgical procedures to which all of the patients m this group had 
been subjected 

Figure 3 sho%vs these same data in the form of the difference 
between homolateral and contralateral ears It illustrates the 
slightly different profiles over the entire test battery obtained in 
brain stem and temporal lobe lesions 
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Because of the exceedingly modest proportions of this study uc 
hesitate to comment on the diagnostic value of any of these tech- 
niques Their usefulness m the otoneurology clinic will ultimately 
be determined by the extent to which they succeed in identifying 
actual central auditory lesions in individual patients, and, even 
more important, the extent to which they falsely attribute central 
auditory lesions to patients without such disorders Many years 
will be required for the accumulation of such data 

We can, however, offer some suggested guidelines to the pros- 
pective test developer Tire follovving comments are based partly 
on our own work and partly on the accumulated findings of 
previous investigator! 

First w e must agree with Bocca and Calero* that, for the present, 
tests based on simple tasks involving tonal phenomena arc virtually 
foredoomed to failure 

It seems clear that clinically efTective tests must involve consider- 
ably more complex stimuli Verbal messages (digits, words or 
sentences) appear, at this writing to ofler the most promise 

Second, to be effective at all, these verbal messascs must be pre- 
sented m such a way that they are at least rather difficult to under- 
stand either bydistortion or by competition from othcrv erbal stimuli 
Third m this area, as in so many others, we are not likely to find 
a single test that will do the job on everyone It is perhaps more 
fruitful to think in terms of a multiple test battery sampling the 
patient s ability to understand speech whicli has been distorted in a 
variety of vv ays 

Tourth, it should be emphasized that, although techniques in- 
volving verbal material seem to work best at the present moment, 
the ultimate refinement of methodology will require the develop- 
ment of more analytic measures of auditory function Hirsh* has 
recently emphasized the necessarily transitional value of speech 
audiometry in a general sense He reminds us that our use of actual 
speech as test material reflects our lack of knowledge of how to 
explore the essentia! properties of the auditory systemby morcamly- 
tic means rather than any intrinsic merit in speech materials fer se 
It IS best to think of present techniques as useful interim measures 
while we continue our search for a more analytic description of the 
fundamental properties of the central auditory system 
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DISCUSSION OF CHAPTER V 
Dr Jorge Corvera, Mexico, D F Dr jerger, lia\ c ) ou had an) 
experience with masking of the contralateral car as a means of in- 
creasing the sensitivity of the tests’ 

Dr James Jerger, Houston, Texas* Your question is \cr) inter- 
esting We could almost ha\e another sjmposium on what “mask- 
ing” IS in this situation B) “putting m speech” in the contralateral 
ear, we arc finding that this is a \cr> efTcctivc wa> to increase tlie 
diagnostic significance of what is being done in the test ear 

Now the questions arise “Would any signal do as well’ Docs u 
simpl) ha\e to be speech, or docs it ha\c to be meaningful speecli’ 
Could It be white noise just as welP ’ Wc know, for example, that 
one can increase the effectiscncss of verbal material in a diagnostic 
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test by putting uhite noise into tlic same ear Tins was demon- 
strated by Smha at McGilJ Unncrsiiy more tJian three years ago 
The question of what masking is m this situation has not been 
systematically c\p!orcd Essentially, if you mean, would any kind 
of masking stimulus be equally eflcctnc, the answer to your 
question IS no 

Dr. George Falconer, Houston, Texas. Wliat about the micl- 
lectual requirements of the tests usingspcoch’ ^Vc arc dealing with 
a \crbai skill, so we arc concerned with the intellectual lc\c! of ilic 
patient and possibly with an emotional condition which results m 
the patient’s unwillingness to respond scrbally I would like to hear 
your comments on these two factors 

Dr. Jerger; Do you mean, “Docs the subject s willingness to co- 
operate m the test affect the results^” 

Dr. Falconer: For example, would the pauent s intelligence 
quotient be a factor^^ 

Dr. Jerger: I think not I do not consider that the Icsel of IQ is 
a serious problem because these tests involve very elementary 
tasks, no matter how complicated they may seem to us It is perhaps 
an artificial complication Tlicse tests arc snlJ very simple for the 
patients to perform for (he most p.irt, they have only to repeat 
single stimuli winch pigeons and parrots can do very vscll Tlic 
various factors that you might think of in this connection, the 
factors involving verbal skills, v\ould not present problcmsin adults 
If we should try to translate these things locluldrcn, we would have 
some real problems on our hands 

Dr, J. Donald Harris, New London, Ginnecticut* In any case, 
you v\ould have a difference bcivsccn the contralateral and the 
honxo/arcraf car as a gtno'c TAk womW nor be frtre xf j-va bxsd a 
bilateral loss 

Dr. C. P. Goetxlnger, Kansas City, Kansas: I would like to 
make a comment on the question asked of l>r Jeigcr regarding the 
inlcllcctua! and emotional aspects 

We did a study about four or five years ago on the auditory dis- 
crimination ability of good and poor readers (Ann Oto ! , C9 12J, 
1050) The subjects were l>o>s ranging in age between ten and 
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thirteen years of age Tlic C I D W-22, the Rush Hughes record- 
ings of the Harvard PB tests and the Wepman tests of auditory dis- 
crimination were used The results on each of these tests vsere cor- 
related uith intelligence quotients which had been obtained using 
the Binet (I937J Scale In short, no relationship was found between 
intelligence and auditory discrimination at the age levels m ques- 
tion However the poor readers did not perform as \%ell as the 
good readers on the tests of dilBcuU discrimination (the Rush 
Hughes and ^Vepman Tests) The difficulty on these tests appears 
to be related to speed of ptesentation and slurring, rather tlnn to 
vocabulary 

Subsequently relative to the emotional aspect, wc gave these 
same tests to a group of emotionally disturbed children who were 
under psychiatric treatment in a special school m Kansas City, 
Missoun The emotionally disturbed children performed exactly as 
did the good readers In fact their discrimination scores were not 
significantly different from those of the good readers Hence, their 
auditory discnmmation scores on the difTerent tests (Rush Hughes 
and Wepman) vsere superior to those of the poor readers The 
implication is tliat perhaps the emotional element is not a factor in 
simple auditory discrimination such as we are discussing 

Dr Scott Reger, Iowa City, Iowa I would like to mention two 
types of intracranial neural lesions which gave slightly difitrcnt 
hearing test results 

One case was a junior medical student in our area in whom a 
pinealoma was observed This patient had difficulty in understand- 
ing speech and this was one of the reasons for his being referred to 
us His speech discnminauon score was in the order of 40 to 50 per 
cent We gave him several other types of tests and found to our 
surprise that he showed very rapid fatigue at threshold for sound, 
wJjjfb mraxu that in order to keep on hearing the sound with time, 
he had to permit the intensity of the sound to keep on increasing 
very, very rapidly Surgery was done but the tumor was so massive 
that very little surgical removal was possible The ventricles had 
been obliterated The patient was given deep x ray therapy and on 
the thirteenth day after surgery he was retested His speech dis- 
crimination at this time was normal and he did not show fatigue 
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at threshold for sound with time Subsequently, he remained out of 
school for a year but then uas able to return and complete medical 
school and residency irainmg^ 

The oiiicr ty^pc of central nenous system lesion ns as encountered 
in two patients with multiple sclerosis who had difhculty in under- 
standing speech, one had a bilateral and the other a unilateral 
problem The patient with unilateral difficulty in hearing was 
especially interesting She was a very attractive woman m her early 
thirties who complained that she was unable to use the tcleplionc 
on her left ear She also had severe di 27 jness and iras unable to 
walk. Some Nisual aberration isas noted and there were various 
other symptoms svhich the neurologist felt were compatible Nvith a 
diagnosis of multiple sclerosis Incidentally, Dr Ronald HmclicIilTc 
did certain vestibular tests, using electronic mcasunng devices, and 
found that the vestibular response was markedly depressed 

When examined si\ months after her imnal attack, this patient 
had lost practically all of her symptoms and to our amarement, 
her vestibular responses had returned to normal, her speech was 
also normal She had lost the fatigue for tone decay and there was 
normal adaptation in every respect 

Tiierc are two interesting aspects about tiicsc cases respectively 
In tiie patient v\ itii the pincaloma and bilateral difTicuIty , a masking 
noise v\as not needed m the opposite car v\hcn mcasunng the very 
rapid change of threshold sensitivity Tins was not necessarily due 
to a central lesion, insofar as the hcanng aberration was concerned 
It could have been due to stretching, traction, or other mechanical 
deformation of tJic eighth nerve Wc do not know, of course The 
neurologists present vsould know more than I about what is in- 
volved in the hcanng aberration observed in patients with multiple 
sclerosis I do not know for certain wlicthcr the lesion is character- 
istically peripheral or central, but at any rate, this patient showed 
very rapid fatigue of threshold, which was the most obvious and 
interesting feature about her hearing disturbance 

Dr. Paul Myers, Lackland Air Force Base, Texas* I would 
like to mention another ca<c similar to the one just described, that 
IS, the pmealoma presenting with symptoms of obstruction and 
aberration in hearing 
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A short time ago we examined a fourtcen-year-old boy with the 
primary complaint of bilateral hcanng Joss It was noted that Jie 
had papilledema The air studies showed a tumor in the pineal 
region with marked hydrocephalus, obxiously on an obstructixe 
basis We did not employ hcanng tests other than conventional 
audiometnc examination As the intracranial pressure rose on 
subsequent occasions, his hcanng would become diminished, and 
when the ventriculo-jugular shunt was inserted to by'pass the 
obstruction, his hearing returned to normal I have been in recent 
communication with Dr Ben Whitcomb of Hartford, Connecticut, 
who has been following this patient since his father was discharged 
from the Air Force, and he told me that the patient had some Ios.s 
of hearing when he became partially obstructed again, but tlial liis 
hearing returned following treatment with high voltage \*ray I 
offer this as an additional case vvhich had some interesting features 
related to this particular field 

Dr Harris It would have been very interesting to have had 
some speech testing on such a case as that presented by Dr Myers 

2 would like to call attention to your tide of “Auditory Tests,” 
but you have limited your remarks to speech tests There are many 
others, some of which you have originated yourself, which relate 
to the larger topic of the assistance of audiological tests in otological 
diagnosis Would you say that speech tests are even more important 
than some of the other proposed tests’ Dr Reger mentioned the 
employment of tests for temporary threshold adaptation, intensity 
discrimination, and loudness recruitment 

Dr Jerger Yes, I would say that vve must consider the question 
of what techniques are clinically feasible To be clinically effective, 
the results on individual patients must be relatively unequivocal 
The effects of the tests in terms of the per cent errors of tlie first 
kind divided by die per cent errors of the second kind, vmII deter- 
mine the ultimate applicability of these techniques as predictors in 
individual patients Personally, I would have very little confidence 
in any techniques other than those involv ing speech material 

Dr. Hams* Do you have any comments on tlic Matzkcr tech- 
nique vvhereby different types of distortion arc put into tlic two 
ears’ One car might receive low-pass filter and the other receive 
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extrcjncl) faint speech Vou ba\e tried these onl) one at a time 
Do >ou base a comment on applying them simultaneous!) to the 
t\NO ears'^ 

Dr Jerger Yes, this is another method b> uhich part of tlic 
information could be introduced into one car and part into the 
otlicr ear 

Dr. Harris* But in cither case, svould tt not be simpl) a matter 
of removing some of the redundancy^ 

Dr. Jerger No because one is not dealing uith a matter of 
removing redundanc) from one car at a time, but with removing 
complemcntar) information simultaneous!), and, m m) opinion, 
this would not work 

Dr Donald E Parker, Wnght-Patterson Air Force Base, 
Ohio I would like to comment on the interpretation of your 
results for Group “D”, the cortical lesions control One of the 
more interesting developments m auditory neuroph)*siolog) dunng 
the past 14 years lias been the proliferation of auditory areas in 
the cortex of the cat If wc extend these findings to the human 
they would provide another possible explanation of your results 

Dr. Jerger Yes, they certainly vvould Wc have that possibility, 
and also the possibility of pressure from the oilici side Tlicrc are 
numerous possibilities w Inch make u hazardous, I think, to come to 
any conclusions about test results, but it docs point up the fact that 
wc must be very careful in trying to develop these techniques \Vc 
have to be cautious in order to avoid ending up with a test that 
might be sensitive to cortical damage m general 

Dr. Harris Can wc look for a moment at the suggestion of 
Ilirsh, that speech is used only as a convenience’ If wc knew more 
about the auditory nervous system — the auditory mechanism as a 
whole — wc could use synthetic speech constructed from pure tone 
complexes, stmins of pulses, or white noise {filtered, amplified, anJ 
clipped) as examples of acoustic properties of speech wnihout the 
context of speech I question whether wc would wish to get so far 
away from real language 

Dr. Jerger: I think that this would raise a cogent apprehension 
I think that wc should go in this direction only if wc arc interested 
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in the strictly applied research problem of showing iliat difiictiltv 
exists m the auditory pathway m a specific place If this is our 
intention, then we would want to take the techniques, the stimulus 
patterns, and the results which ha\c been so beautifully elucidated 
for us in animals and apply them directly to human subjects If 
this could be accomplished we would be much farther along than 
when ^se rely only on speech which we cannot even define pre- 
cisely Unfortunately, the problem i$ that when you try to apply to 
human subjects the techniques and stimulus patterns that have 
been used successfully mammals you obtain nothing of value The 
tests are just too simple and there is no breakdown in behavior 
whatsoever One must go to something that has never been tried in 
animals They are subjects that cannot talk back 

Dr Harris We have a monkey that is learning words 

Dr Robert Ruben, Baltimore, Maryland Dr jerger, have any 
of the patients who had vertigo come lo autopsy, and have you done 
brain studies on any of these’ 

Dr Jerger \Ne have not had an opportunity to do postmortem 
studies on the brains of vertigo patients 

Dr Ruben I am very interested m Dr Harris's work with 
monkeys that arc learning human speech Wliile recording human 
cochlear potentials we have spoken into the ear from which we 
were recording In human subjects the results have been very poor 
in trying to discriminate the vvoid when it is picked up from the 
round window Tins is true even in ears which have good cochlear 
potentials and eighth nerve action potentials however, all of our 
studies have been done m patients with considerable bcanng 
difficulty \Ne have wanted to do word discrimination in a con- 
trolled setting in which we could use animals as subjects Dr 
Dickens Warfield in our laboratory has conditioned several cats 
to discnmimte different words Slie is prcscnlfy working on sim- 
ilarity thres lolds between differeni words, using cals as subjects 

Dr Heinz K Faludi, Shreveport, Louisiana Dr Jerger lias 
certainly presented a thought prov oking and significant paper / 
would like to ask him whether he has broken dovnlus figures, 
particularly nos" in Groups 3 anJ 4, the ones concerned with 
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conical lesions, into lesions occumng m the dominant or non- 
dommant hemisphere It occurs to me that if his test, \%luch is 
based on undcrstandingof words, showed diminished performance 
m patients with lesions of the dominant hemisphere, one would 
then have to consider gnostic or aphastc dilTiculttcs Dr Jerger’s 
test may then be more useful as a refined test for aphasia 
Dr, Jerger; We have, of course, looked at the test results m the 
nglu ear versus the left, and have observed no dramatic difTcrencc 
The groups arc ver> small and it would be hazardous to make an> 
gcncrahzaiion about the results Previous workers wlio have used 
these kinds of materials, notably Hocca in Italy, liavc made the 
point of observing that there seems to be no effect from cerebral 
dominance However, the v\ork that Kimura and Milner have 
done in Montreal shows that with simultaneous presentation of 
difTcrcnt digits one can observe a relatively slight advantage, that 
IS, more deficit on ilic contralateral car when the lesion is m tlie 
dominant hemisplicrc I vvould say that tnis remains a controvers 
lal issue at the moment 
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VESTIBULAR NERVE SECTION AND 
ITS EFFECT ON HEARING^ 

A CASE REPORT 
\NaiiAMF Hovse \I D 


It is a uell established concept that the organ of Corn is supplied 
b> both afferent and efferent fibers ' * ’ The function of the 
efferent fibers in the ph) siologj of the otgan of Com is not i.non n 

The anatom) of the efferent bundle has been well documented 
bv Rasmussen and is nou called the olivocochlear bundle It 
passes from the superior olive through the vestibular nerve trunk 
This group of fibers does not divide av>a> from the vestibular nerve 
until It IS in the lateral portion of the internal auditor) canal At 
this point the bundle is contained cntirciv in the mfenor division 
(the saccular nerve) and forms a bundle v\hich anastomoses with 
the auditor) pioriion of the eighth nerve It is then distnbuted witli 
the eighth nerve to the basilar membrane 

\\ hen the vestibular nerve is sectioned, the efferent bundle must 
also be sectioned and thus the cochlea will be depmed of iis 
efferent suppl) This paper is a case report of a patient in whom the 
vestibular nerves v\ere sectioned The patient had normal hearing, 
but intractable vertigo prcopcrativel) 

•From the Oiolc^ic Med cal Group aad from the Department of OtoIar\Tisrolo»> 
of The Ln Ncrsity of Southern California School of Med one, Los \neele* CjI forma 
SpoMored b> the Lee Angeles Foundatjoo of Otoloiry 
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CASE REPORT 

While crossing the street on Novernber 22, 1961, a seventeen 
year old high scliool student ^vas hit by a car and sufTered a severe 
head injury' The boy uas dazed but apparently did not lose 
consciousness completely, although he did not have any memory 
of the events of the accident At a nearby hospital, he vv as examined 
and found to have minor abrasions and contusions X-rays tvcrc 
reported as negative He remained m the hospital overnight and 
was discharged the following morning as recovered, except for 
occasional mild dizziness 

The following day, he began to notice an increase in dizziness 
and a headache which seemed to onginate in the occiput and spread 
forward to the periorbital region bilaterally During the next few 
davs, these symptoms intensified and he found that if he remained 
in a horizontal supine position or slightly elevated m bed that he 
expenenced no dizziness When he attempted to move about or 
stand, he immediately developed dizziness The patient was ob- 
served closely and kept quiet in bed in anticipation of recovery of 
normal equilibratory function 

The headache gradually subsided, houever, the patient con- 
tinued to be very distressed when he attempted to stand or walk 
The only positive finding noted by his physician was that the 
patient had a tendency to fall to cither side or backward during 
the Romberg test All other neurologic signs were within normal 
limits The patient's symptoms remained essentially unchanged 
for some months In February, 1962, a calonc examination revealed 
the response in the left ear to be hypoactn e The patient occasion- 
ally noted some sensation of fulness and ringing tinnitus m the left 
ear, otherwise, normal hearing was reported at this lime Several 
weeks fater, the caloric test was repeated by another observer who 
reported that the responses were bilaterally equal The patient’s 
symptoms of dizziness while standing or walking persisted, and it 
was decided to section the vestibular nerve on the left side in order 
to relieve the vertigo 

Preoperauvely the patient’s hearing was normal by pure tone 
and b>' speech reception threshold He achieved a 100 per cent dis- 
crimination score in the right car and a 98 per cent discrimination 
score in ihe left ear The short increment sensitivity index (SISI) 
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test produced a score of 45 on the nght and a score ofl 5 on the left 
Caloric tests Mere esscntiall> Mithin normal limits and tlie onl) 
positue finding was a tendenc> to fall to either side or backward 
during the Romberg test X-rajs of the petrous pyramids Mere 
taken just before surgery and were reported as nornnl 
On May 14, 1962, the left vestibular ner%eu as sectioned through 
a middle cranial fossa approach At the time of surgery a thin 
fracture line extending through the supencir canal was noted The 
remaining structures of the internal auditory canal appeared 
normal and a very careful section of all branches of the %estibuhr 
nerve ivas accomplished 

PostoperativeJy, the patient made an Uneventful recovery and 
within a week was able to walk with very httle difficulty Over a 
period! of about a month he fost aiV sensation ofcfizziness prcviousfy 
associated with sudden turning He was soon able to return to 
school and normal athletic activities Postoperative hearing tests 
indicated a slight loss for high tones in the operated ear The results 
averaged 7 db through the speech range Tlie greatest loss was 
10 db at 2 000 and 4 000 cps SISI scores were low again but the 
results did not indicate abnormal sensitivity to small increments 
of loudness Bekesy tracings vvere normal (Type I) on the un* 
operated ear but weresomewhat unusual on tlie operated car On 
the left side there was slight decays of the continuous tone from the 
pulsed signal at irregular intervals ThiscouJd not be construed as a 
Type II pattern, however There vvis no indication in the IJA6sy 
tracing of diminution of the size of the excursion in the continuous 
tracing This would appear to be consistent wiili the SISI findings 
which indicated no unusual sensitivity to loudness increments 

DISCUSSION 

This particular cas- is only one of many concerned with similar 
situations that we hope will be reported \n the literature It is 
difficult to draw conclusions from one case One possible conclusion 
however is that the function of theeflerent system must be a subtle 
lype of function which has not been revealed by any of our present 
testing procedures 



Veslibular \fnf Section and Its Cfftcl on Iharing 97 

We cannot be positive that the eflcrcnt bundle was sectioned 
in this case Movies were made of the procedure at the time of 
surgery The film was shown to a group of neurologists and ncuro- 
anatomists and there was diflcrcnce of opinion as to whether the 
efferent bundle had been sectioned In view of this disagreement 
the conclusions drawn from this particular case report must be con- 
sidered tentative 


CONCLUSIONS 

A case report of section of the vestibular nerve in a patient with 
normal hearing is presented It is assumed that the efferent bundle 
through the cochlea was sectioned at the time of surgery To date 
no significant effect on the hearing of the patient has been discern- 
ible 
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test produced a score of 45 on the nght and a score of 15 on the left 
Caloric tests A\ere essentially within normal limits and the only 
positive finding was a tendency to fall to either side or backuard 
during the Romberg test X rays of the petrous pyramids iNcre 
taken just before surgery and were reported as normal 

On May 14, 1962, the left vestibular nerve was sectioned through 
a middle cranial fossa approach At the time of surgery a thin 
fracture line extending through the superior canal was noted The 
remaining structures of the internal auditory canal appeared 
norma! and a very careful section of all branches of the vestibular 
nerve was accomplished 

Postopcratively, the patient made an uneventful recovery and 
within a week was able to walk with very little difficulty Over a 
period of about a month he lost all sensation of dizziness prev lously 
associated with sudden turning He was soon able to return to 
school and normal athletic activities Postoperative hearing test* 
indicated a slight loss for high tones in the operated car The results 
averaged 7 db through the speech range The greatest loss was 
10 db at 2,000 and 4,000 cps SISI scores were low ag'un but the 
results did not indicate abnormal sensitivity to small increments 
of loudness Bek^sy tracings were normal (Type I) on the un- 
operated ear but were somewhat unusual on the operated car On 
the left side there was slight decay of the continuous tone from the 
pulsed signal at irregular intervals This could not be construed as a 
Ty'pc II pattern, however There vvas no indication m the Bdkesy 
tracing of diminution of the size of the excursion in the continuous 
tracing This would appear to be consistent wiili the SISI findings 
which indicated no unusual sensitivity to loudness increments 

DISCUSSION 

This particular case is only one of many concerned with similar 
situations that we hope will be reported in the literature It is 
difficult to draw conclusions from one case One possible conclusion, 
however, is that the function of the efferent system must be a subtle 
type of function which has not been revealed by any of our present 
testing procedures 
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We cannot be positixe that the cflcrcnt bundle uas sectioned 
in this case Momcs ucrc made of the procedure at tlic time of 
surgery The film \vas shown to a group of neurologists and neuro- 
anatomists and there was dificrencc of opinion as to whether the 
efferent bundle had been sectioned In view of this disagreement 
the conclusions draw n from this particular case report must be con- 
sidered tentative 


CONCLUSIONS 

A case report of section of the vestibular nerve in a patient with 
normal hearing is presented U is assumed tliat the efferent bundle 
through the cochlea was sectioned at the time of surgery To date 
no significant effect on the hearing of the patient has been discern- 
ible 
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DISCUSSION OF CHAPTER VI 
Dr. J. Donald Harris, New London, Connecticut- In view of 
the inhibitory features of the bundle of Rasmussen, and of the fact 
that pitcli discnmination may involve a sharpening due to tlic in- 
hibitory factors, one might look for pitch discrimination in cases 
similar to the one that Dr House presented 
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Dr Grant L. Rasmussen, Bethesda, Maryland: Dr House has 
asked me to comment on uhether the \ cstibuJocochiear anastomosis 
was cut during the operation First, I uish to sa> that I \sas grcatl) 
impressed and amazed b> the skiliru! surgery and (he clantj of the 
cinematographic film of the operation, particular!) because of m) 
experience m exposing the \estibulococIilear anastomosis in 
petrous bone specimens of man and various mammals under more 
favorable conditions The bundle is small and not cas) to identif) 
even in dissections of decalcibcd specimens in vvhicJi tlie nerves 
have already been stained by our Sudan B method 

As to the question of whether the eflerent fibers coursing in the 
vestibulocochlear anastomosis were cut, I would hazard a guess 
that they v\ere spared because tlie anastomosis departs from the 
under surface of the ganglion of the saccular nerve to join the 
cochlear nerve In viewing the film, I failed to see the exposure of 
the saccular ganglion however, this point may have escaped me 
due, perhaps to seeing it for tlie first time and at a distance from 
the rear of the auditorium Even if the efTcrcni bundle was not 
severed there still remains the possibility of its hav ing been torn or 
ruptured when the transected vestibular branches were retracted 
medialwards during tlie operation 

I would like to make another comment about the small strands of 
nerve fibers which were first exposed and severed m order to bring 
the vestibular branches into view The fascicles which extend be- 
tween the ganglion of the utnculoampullar nerves and the genicu- 
late ganglion arc collectively known as the vestibulo-facial anasto- 
mosis This was first desenbed in detail by Penzo in 1893 * The 
more lateral fascicles of this group may be of some importance in 
this sort of operation since numerous investigators during the past 
fifty years have considered them as sympathetic postganglionic 
V asomotor fibers to (he inner car \n cxtensiv e anatomical study of 
this anastomosis in the human was published by Orzalcsi and Pelle- 
grini in 1933 *• 

•Peiuo R Uctxrrdasgan^Iion geniculi uad die mu dcmscJtKrn iu».immrnhj05eodf0 
ner\en Anal Anz Jtna 5 738 1893 

•'Orzales: F and Pfllcjnni C Sui npporti fra i nervi intermed o e \«nbotire e 
Sulla struttura del ganglu c del nervo \rsliboIare ncll uomo tnh iia' dt ana! e dt 
tmiritl 31 105, 1933 
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The poslganghonic s>'mpathctjc fibers are generally belic\ed to 
originate from the superior cervical sjTOpathetic ganglion and to 
reach the \icinity of the geniculate ganglion traversing a devious 
route In addition to the unmyelinated sympathetic fibers, some 
myelinated fibers associated with pscudoumpolar cells arc also in* 
eluded in this anastomosis 

It seems to me, however, that the question of the autonomic in- 
nervation of the ear remains unsettled For example, another group 
of investigators believe that sympathetic fibers reach the inner car 
by a different route, namely, by coursing from the lower cervical 
sympathetic ganglion upon the vertebral and basilar arteries and 
finally via the internal auditory artery to the inner ear Perliaps 
vasomotor fibers reach the inner ear over both pathways, but, so far 
as I know, neither viewpoints have been settled definitely by the 
c\penmcntal method 

Dr. William F. House, Los Angeles, California. Dr Ras- 
mussen, if those fibers arc sympathetic fibers do you feel that 
sectioning them would possibly cause v'asodilaiation^ 

Dr. Rasmussen: As 1 understand it, the vasomotor supply to the 
internal auditory arterj is sttll an unsettled question However, 
there have been two theories as to how these fibers arrive there, 
cither by the way they branch off the basilar artery and follow the 
internal auditory artery to the brain, or by fibers that pass along 
various nerves through the greater superficial petrosal nerve and to 
the ganglion to reach the vestibular ganglion, and from there, 
spread out in various directions, like to the blood vessels In addi- 
tion to those smaller fibers which one observes histologically, the 
ones vvhich look very much like postganglionic svmpathetic fibers, 
there arc larger fibers and more nerve cells which have the appear- 
ance of a sensory type fiber and ganglion 

Dr. John B. Doyle, Jr., Los Angeles, California' I would like 
to comment briefly about this case The patient was totally in- 
capacitated by vertigo prcopcralivcly , therefore, I think the posi- 
opcraiivc result is gratifying But what I would like answered is 
why patients who have this operation, with contralateral partial 
hearing loss, get a temporarv but marked increase m ihcir hearing 
on the contralateral side Wc have observed this a number of tunes, 



lUU ^euTolootcal Aspects Auditorp and Veslibular Disorders 

and perhaps someone can tell us why the> get a temporary facilita- 
tion on the other side 

Dr. David Galin, Betbesda, Maryland* Dr Peter Carmel, iii 
our laboratory, has been investigating the mechanisms of the 
middle ear muscle in relation to some of these problems, and he has 
pointed out that in the classical descriptions of Bell’s palsy (facial 
nerve paralysis) in the first few days after onset, the patients 
typically complain of hypcracusis Tins is not really a facilitation 
of their hearing They complain of sounds being too bright or too 
ensp, and this passes off within sewral days, although the paralysis 
does not dimmish 

Dr Carmel has speculated that perhaps what they arc cxpcncnc- 
ing IS a paralysis of the stapedius muscle, and a consequent loss of 
the kind of attenuating effect that I showed earlier is due to middle 
ear muscle contraction Our biams base learned over many years 
to adapt CO the decrease in the input signal associated with the 
contraction of these muscles, and we do not perceive any changes 
in the intensity of constant sound when contraction occurs during 
mov ements or in the course of relaxation during prolonged stimula- 
tion In early facial nerve paralysis. Dr Carmel theorized that 
sudden loss of these muscles leaves the brain in the process of 
trying to interpret the input signals as if the muscles were present, 
and therefore compensating inappropriately Gradually, over a 
period of days, the bram “unlearns” this compensating maneuver 

Dr. Harris; Thank you Dr Calm Dr Kurze, would you care to 
elaborate on tins patient or on these comments’ 

Dr. Theodore Kurze, Los Angeles, California: 1 did not see 
this patient, but regarding this procedure and some of the work that 
has been presented today, I would like to make these comments 

The middle fossa exposure of the eighth nerve provides clinical 
surgeons with an opportunity to obtain data which contribute to 
our further vmdcrstandmg of auditory and vestibular mechanisms 
m man In this type of investigation wc must always have a valid 
indication for the surgical procedure, winch obviously must be 
considered in the interpretation of the data obtained A second 
limiting factor is that in these circumstances wc arc seldom pro- 
vided vsiih an opportutniy to study all the pertinent variables 
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However, the limitations imposed should not restrict us from 
obtaining as much data as we can, provided «e do not attempt to 
formulate too many hypotheses that arc not supported by the data 

Dr. Victor H. Hildyard, Denver, Colorado: I \NOuld like to ask 
if It ivould be possible for those fibers between the seventh and the 
eighth nerves, or the vestibular portion of the eighth nerv e, to be of 
parasympathetic origin ratlier than of sympathetic origin 

Dr. Rasmussen; The fibers belonging to the true or lateral 
facial vestibular anastomosis arc generally regarded as being of 
sympathetic ongm, and I am inclined to agree with this idea on the 
basis of personal histological studies of this question 

In the literature there are numerous references to the possibility 
of pars intermedia fibers of the facial nerve ending m the inner ear 
which would be classified as parasympathetic At one time ( 1 946) [ 
was of the opinion that the olivocochlear bundle perhaps repre* 
sented the parasympathetic component to the inner car, but this 
was proved untenable I do not know of any concrete evidence 
obtained by the experimental methods which demonstrates a 
parasympathetic innervation of the inner ear On the other hand, 
neither can the possible existence of a parasympathetic innervation 
be definitely eliminated These fibers arc definitely of the sympa- 
thetic type They take origin in the superior cervical sympathetic 
ganglia, and therefore must be classified as sjTnpathetic rather 
than parasympathetic 

Dr. Robert Galambos, New Haven, Connecticut: You men- 
tioned 94 db as the level at which painful experiences took place 
Did I hear you correctly'^ 

Dr. House; That ma> be what our audiologist calls “uncom- 
fortable loudness” (UCL) 

Dr. Galambos. An intensity of 94 db should be well below the 
uncomfortable loudness level for a normal car Do >ou rememlicr 
the intensity at which discomfort was reported by the patient for 
his normal car’ 

Dr. House: 1 am sorry% I do not But you feci that it would be 
v<aluab!c to test both cars’ Wliat other suggestions would you make’ 
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Dr Galambos Both ears should of course be tested because the 
onl> knoun effect of the efferent bundle is to reduce the amount of 
input coming from an ear If the bundle were cut on one side one 
would expect the two ears to differ significantly in such a mensiire 
as the intensity of sound that produces discomfort 

Dr Martin E Bruetman, Houston, Texas I would like to ask 
Dr Doyle about this phenomenon of increased hearing that he 
obtained It is my understanding that the dysacusis that patients 
complain of with seventh nerve palsy or Bell s palsy is secondary 
to a stapedial muscle palsy rather than to central phenomenon 
\Vliat IS lost when a Bell s palsy occurs is a defence mechanism for 
the loudness of sound This mechanism is on the basis of the con 
traction of the stapedial muscle and is a peripheral reflex 
Dr Jorge Corvera, Mexico, D F I think there is no way of 
knowing about these effects \fter all blood and Gcifoam arc 
present and there must be some inflammatory reaction so the cur\ c 
that was obtained after the operation can be attnbuted to a 
number of things I am interested m knowing about the results of 
the vestibular exploration before and after surgery 
Dr House The only vestibular test that we did was tlic ice 
water test and since it was equal bilaterally we considered it to l>c 
\viihin normal limits Postoperatnely there was no reaction to the 
ice water test in the operated ear and there was normal reaction in 
the opposite ear 

Dr Alexander Gol, Houston, Texas I seemed to ha\c missed 
the point Would you comment on the effect of tins section on 
tinnitus’ 

Dr House This patient had only occasional tinnitus before 
surgery and tins was associated with a feeling of fulness Itocctirred 
for an hour or so escry few days Some tinnitus was present im 
mediately follow mg surgery but it soon subsided and lie has liad no 
more tinnitus in llie operated ear than in the other ear 

Dr Hams It occurs to me that there ma\ base been other 
eiglith nerve sections in ears previous to the termination of tlic 
olivocochlear bundle in which such things as the reduction in the 
range of comfortable listening might have been observed Dr 
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Wc\er, do you ha\c any information on tins’ You ha%c kept 
abreast of the matter better than an\onc 

Dr. E. Glen Wcver, Princeton, Nesv Jersey: No, I do not 
Dr. Cary N Moon, Charlottes^ i!2e, Virginia. I uould hke to 
ask Dr House if this patient had nystagmus before surgery , %> hy the 
onset of vertigo was delayed ten days, and why the patient did not 
recoicr without surgery’ 

Dr. House* I do not know the answers to your questions The 
patient continued to ha\c difficulty for si\ months without im- 
provement, and after the section lie recovered 

After total labynnthcctomics, about five per cent of the patients 
remain unsteady Tins was reported by Simonton The reasons for 
this are not known, but my clinical impression is that tins represents 
a group of patients who are unable to adapt to vestibular reactions 
just as some patients always have recurrent attacks of seasickness 
while others have no problem at all Tins is the only impression 
that I can give you 
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ANATOMICAL ORGANIZATION AND FIBER 
CONNECTIONS OF THE VESTIBULAR NUCLEI 

At F Brod\l M D * 

It ihmtn It plus sur it connaitjt attc 
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rfrltt rmfftgnf tur It janeltenntmtnt dts 
tiniru bulboirts fw st Irauitnl rn rtUhen 
atft tkagut ttgont sinsortrl 

Lobe^te de No t026** 

- ENTRODUCTION 

Impulses are transmuted from the various types of \esiibular 
receptor cells to the vestibular nuclear complex by way of primary 
vestibular fibers Since this complex is supplied by fibers from otlier 
sources as well, mtegration of impulses must be assumed to take 
place m these nuclei, and therefore (he impulse patterns winch 
arise in the nuclei may be quite different from tliose entering from 
the vestibular apparatus In view of the different physiological 
meanings of the afferent messages from the enstae and the two 
maculae, and in view of the vanous functions which may be in- 
fluenced by vestibular stimulation, one would expect the anatom- 
ical organization of the % cstibuJar nuclei to show a marked dilfercn- 
tiation This has indeed pro\cd to be the case 
As evidenced from Lorente dc No’s studies,** ** fibers from the 
utricle, the saccule, and the semicircular ducts end to some extent 
in different subdivisions of the xestibular nuclear complex Studies 
of Its other fiber connections bear further w itness of a high degree of 
dilTcrcntiation sviihm the complex as a whole, even within us 
individual cell groups The lesUbiilar nuclear complex may be considered 
as a mosaic oj numerous minor /arts, resitons, or cell {groups, uhtch differ in 

•Proffs^orofAmtom), Uni\fnstyorO*lo, Oslo Norway 
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theiT cyioaTchxteclure as itell as tn their fiber connections, and presumably 
these cell groups represent more or less separate functional units An accomit 
of present day knowledge of some features of the anatomical 
organization of the vestibular nuclei may, therefore, be of some 
value to phy-siologists as ucJJ as to cimicians 
Since the wealth of anatomical data available today is extensive, 
I have selected only some of them for discussion I hope, neverthe- 
less, to be able to fit them into an integrated picture, and to point 
to some inferences concerning function which may be drawn from 
the morphological data I will deal laigcly with observations which 
have been made in experimental studies, all in the cat, undertaken 
m the Anatomical Institute in the University of Oslo in collabora- 
tion with various colleagues Apart from some quite fresh informa- 
tion, most of the material has been presented in a previous survey* 
and more recently in a mont^aph** m which references to the 
literature and further information not included m this brief survey 
can be found 

THE VESTIBULAR NUCLEAR COMPLEX AND THE 
PRIMARY VESTIBULAR FIBERS 
When beginning our research on the vestibular nuclei with 
a cytoarchitectural mapping of the whole complex,*® it became 
evident that this complex contained more cell groups than the four 
classical nuclei — the superior, lateral, medial, and descending 
(infenor) Not only are there several minor specific groups, but 
even the four large groups cannot be considered as entities Thus, 
as shown in Figure 1 there arc architectonic difTcrenccs for ex- 
ample, within the superior nucleus (S) with a crowding of larger 
cells centrally, in the lateral nucleus (L) with larger and more 
densely packed giant cells dorsocaudally , while the number of 
small cells is less in this part than rosiroventrally, and vvuliin the 
medial nucleus (M) In the descending nucleus a group f,** com- 
posed of densely packed, rcJaiivcIy large cells (Fig 1, drawings 
17 to 21), stands out as a special part (sec also Fig 17, a and b) 
The lateral nucleus of Dciters has on its lateral aspect a little group 
of small cells labeled 1 (Fig 1, drawing 9) Of other special groups 
there is one which vse'® have labeled x(drawings 13-19), interposed 
between the descending nucleus, the external cuncatc nucleus, and 
the restiform body There is the interstitial nucleus of the vestibular 



Fig 1 A s-ncs of equally spaced camera lucida drawings of transverse sections 
through the brain stem of the cat, to jhow the topography and (below to the right 
of each drawing) the chief cytoarchiicctural features of the vestibular nuclei The 
rings m the descending nucleus represent the longiiudinally running fiber bundles 
within this From Brodal and jPompciano *• {See page tJl for hst 0 / cbbremiiens uttd) 
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nerve of Cajal (drawing 7), a group which wc ha\e designated >, 
dorsal to the restiform body (drawing 1 1), a small group z dorso- 
lateral to the caudal part of the descending nucleus, and finalh a 
group which we'" have labeled the nucleus supra\estibulans (Ss) 
following the descnption used by Meessen and Olszewski** in the 
rabbit (Fig 1) 

It has been gratifying to learn from our subsequent studies that 
subdivisions identified on the basis of their c>toarchitccture beira> 
differences in their fiber connections as well These studies, how- 
ever, have given some rather surprising results, surprising insofar 
as they are contrary to current concepts Our first surprise came 
when we analyzed the distribution of primary vestibular afferenu? 
This was done by transecting the vestibular nerve in cats and 
mapping the ensuing distribution of degenerating fibers and 
terminals in silver impregnated sections (method of Nauta*’ and 
Glees**) The results,** as shown in Figure 2, taken from one of our 
cases, confirm the fact that these fibers do not supply the entire 



Fig 2 Diagrammatic representation of the findings in a cat in nhich the vesti- 
bular nerve had been complctel) destro>ed ten da>s before sacrifice The ensuing 
degeneration is indicated m dravvingsofa senes of horizonul sections ilirough the 
vestibular nuclei Degenerating fibers of passage arc shovsn aswaw lines, lemnnal 
degeneration as dou Abbreviations as in legend to Figure 1 from Walbrrg 
Bowsher, and Brodal ** 
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l^si of abbrntations mpla^fd m Figures f, 2, 7, 8, If, f4, 75, 16 and 18 
B c , Brachium conjunctivum 
C r , Corpus rcsiiformc 
D, Descending (spinal) vestibular nucleus 

f, Cell group f in descending vestibular nucleus 
FIocc , F/occufus 

g, Group rich m neuroglia cells, caudal to the caudal end of the medial vestibular 

nucleus 

1 c , Nucleus intercalatus (Stadenni) 

L Lateral vestibular nucleus (Deiters) 

1 , Small-celled lateral group of lateral nucleus 
hf, Medial (triangular or dorsal) vestibular nucleus 
N cu e , Nucleus cuneatus eviernus 
N d , Nucleus dentatus 
N f , Nucleus fastigii 
N f c , Nucleus funiculi cuneati 
N f g . Nucleus funiculi gracilis 
N i , Nucleus interpositus cerebeHi 
N i a , Nucleus interpositus anterior 
N t n VIII, Nucleus tntcrsiitialis nervi vestibuli 
N 1 , Nucleus lateralu (dentatus) ccrebelli 
N m , Nucleus medialis (fastigu) cerebelli 
N mes V , Nucleus mesencephaheus n V 
Nod , Nodulus 

N pr V Nucleus sensibilis prtncipalu n V 
N ir s , Nucleus iractus solitaru 
N tr sp n V Nucleus tractus spinalis nervi V 
NVI, VII, VUI Cranial nerves VI V/I and VIII 
01 i , Oliva inferior 
01 s , Oliva superior 

p, SmaJl-cclled pari of lateral cerebellar nucleus 

Pfl d and Pfl v Dorsal and ventral paraflocculus, respectively 

p h , Nucleus pracpositus hypoglossi 

S, Superior vestibular nucleus (Bechlerew) 

Sv , Cell group probably represenung the nucleus supravcsiibulans 
Tr 8 , Tractus sohtarius 
Trspn V, Tractus Spinalis n V 

I » X in Figures 8, 10 and 16, Cerebellar lobules of Larscll 
V, VI, VII, XII, Cranial motor nerve nuclei 
X, Dorsal motor (parasympathetic) vagus nucleus 
X, Small-celled group x, lateral to the descending vestibular nucleus 

y, Small-celled group, lateral to the lateral vestibular nucleus (Dciters) 

z, Cell group dorsal to the caudal part of the descending vestibular nucleus 
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Fg 3 Phoiora crograph (\ 40)ofa irans crscNauu imprfgnaied icct on throug} 
the superior vest bular nucleus of a cat in h ch the ps lateral vest buJar nerve 
had been transected 10 da>s before sacr fee D^enerat on $ concentrated to ll e 
central reg on of the nucleus (S) I s borders are nd cated b a broken I ne 
From Walberg Bo sher and B odal * 


tcrritor) of the classical \esiibular nuclei In the superior nucleus 
for example primary \esi bular fibers end onl> m lUt centri! 
region (Figs 2 and 3) tl e part in which the cells arc largest ami 
most densely packed (Fig 1 drat mg 5) In the simc minner as 
demonstrated in Figure 2 certa n parts of the lateral the descend 
ing and the medial nucleus receive pnmir> vest bular fibers while 
other parts do not t point wl icli will be discussed further when 
considering tl esc particular nuclei Of the small groups enumer 
ated onl> the intersi tnl nucleus of Cajal and as established 
later* group y receive primary vestibular fibers while groups x 
and fare free 

Scrutiny of the relevant literature shows that a few previous 
authors have noted ihislim ted distribution of fibcis within tl c 
lateral nucleus of Deitcrs but their observations have been forgotten 
and have not found their way into the textbooks Our o vn results 
have recently been confirmed by Carpenter • 

The fact that primary vestibular fibers supplv only parts of li r 
four classical vestibular nuclei raises the question of whether it is 
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correct to retain the term e<;tibular nuclei" as a collccin c designa- 
tion Stnctly speaking, only certain parts of the superior, lateral, 
medial, and descending nuclei can be called vestibular Tor 
practical purposes, houever, it seems advisable to retain the old 
nomenclature This will do no liarm if its limitations arc realized 
In the follovving sections the four large nuclei will he considerctl 
separately, beginning witli the lateral vestibular nucleus of Dcilcrs 
Tins IS tlic nucleus about which our knowledge is most complete 
and the one that ofTcrs the l>cst example for illustration of the com- 
plexities in the anatomical organization of the vestibular nuclei 

THE LATERAL VESTIBULAR NUCLEUS OF DEITERS 
It IS deplorable that the term “nucleus of Dciicrs’ is suU some- 
times used m a rather loose sense and tliat some authors apparcntlv 
consider this term to include almost the enure vcsjjhuJar complex * 
\ly associates and I arc of die opinion that the use of this term 
should be restricted to that part of the vestibular complex vihich is 
characterized by the presence of large multipolar (giant) cells,** 
a V lew held by such audiontics as Cajal’* and Kappers, Huber and 
Crosby “ The soundness of this delimitation is further w iinessed by 
the fact that this region of the nuclear complex is the sole origin of 
the vestibulospinal tract It should be emphasized, however, that 
the nucleus of Uciicrs contains at least as many small cells as large 
ones 

A study of the vcsiibulospiml projection** was the first step in 
our attempt to analyTC cxpcrimenially the fiber connections of ilic 
vestibular nuclei and it may lie of imcrcsi to mention our reasons 
for taking this approach It has l>ccn known for ^omc time that 
localized siimuJnuons or ablations of the anterior lobe of the cere- 
helium result in changes in muscular tone and myoiaiic rcllexcs in 
the forchmbs or hindlimbs. rcsprcuvclv, according to the pillern 
of somatotopic localization in the .interior lobe Fins cncct has 
gcnerallv lieen assutnesl to lie medwted vn the rciicuhr {onnation 

'll U rijircislly rT^rrttjblr that »rvw! mntridini: liWine* o( ihn and wh^ nuchl 
tirtUf in allswn*’ d'^iffiwd for 1} r u»r of j»hy»ioloc»t« for rlrctrotfr pUrrmroii 

"Th* m»tralmo*t part of ilvr dracrndnn n kItu* foniatni »'>Tnr fairly Unr*- rrlU ci 
wril tnil digminothrr rf«prti«froT»if»<‘la»'Talno«fru« 
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Fig 4 Photomicrographs (x 240) showing the appearance of retrograde cellular 
changes in the lateral vestibular nucleus on the side of the lesion in >oung kittens 
subjected to transection of the v-cntfolateral funiculus of the spinal cord In a, 
small and medium sized cells showing typical changes In b, ffiant cel! and hrge 
cell affected with i>pical retrograde changes close to three presersed normal cells 
From Pompeiano and Erodal 


Ho\ve\ er, responses follouing siimulatton of ll>e rcucuJ'jr formaijon 
reveal no somatotopic localizaijon ” In 1957, uc also fount! iJiat 
anatomicall) there is no somatotopic localization ujthm tJic 
reticulospinal projection ** Tlie current t!icor>, therefore, seemed 
unhkel), and its unienabilit> uas finall) demonstrated ulicn it 
%sas shossn b> ^Valbcrg, Pompeiano, Wcsirum and Haiiglic* 
Hanssen** that tlie fastigioreticular projection was also diffusely 
organized The question naturally arose as to w hether the \ csiibular 
nuclei, known to receue fibers from the cerebellum, might not 
be the link m the brain stem winch permits a somatoiopically 
localized transmission of impulses from the anterior lobe of the 
cerebellum to the spinal cord Tins would require the presence of 
a samatatapi'C hcakzanan m !}ic prc^fior} /retro J J.’r Ja Jrr;?/ v c^iha • 
lar nucleus of Dciters onto the cord \Ve used the modified Gudden 
method * * 

Following sections of the spinal cord in kittens a few days old, we 
studied the occurrence of retrograde changes in the ncr\e cells of 
the \estibular nuclei ** It turned out that sucJi clMnges were 
resincted to the nucleus of Deiters, but that smill as well as large 
cells were affected (Fig 4) ; / not only large but abo small cells 
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send ihcir a\om lo the cord runlicrmore, the ptxijcction is clcarU 
organircd m a somatolopic manner, as clcarK shown in the re- 
(onstrucuon of the nucleus m the sagittal plane m Figure 5b llic 
rostro\ cntrnl part sends its fibers to the ccrMcal cord, the dorso- 
caudal to tlie lumbosacral cord, and tlie inters cning part to the 
tlioracic cord One ma>, therefore, speak of a neck and forelimb 
region, a trunk region, and a hindlimb region wuljin the JateraJ 
\estibular nucleus Tins localization has further been confirmed in 
ph)sioIogical c^epenments bj Pompciano" and in degeneration 
studies following lesions of the nucleus The srstibulospina! pro- 
jection, therefore, fulfils the anatomical requirements for constitut- 
ing a link in a somatotopically organized pathwav from tlie 



He 5 A and B dueniiw tu »how ilie fotnawtojiic arrancetn^nt of die oncm 
Viilhin ihf Ul-ral \Mdbuhr nuclnw of fibers pawine in diircrmt Inch of die cunt 
lo the left (A), (he juuern isshownasseenin trann'rrse sectmn*. to theri?fit (B) 
at It ajipears when projected on a iai;tiui nToaitniciion of ihe Ijieral v-esiibubr 
nufJ'^iu from Pompcjano and DfixLi! **C adja^TamdiotMri; the sue of lennin*- 
lion of jmmar> wtibidar fibers |dow) m the lateral wiibular nncleni ai seen m a 
senes of iraawToe sections correipondinsj apjirosnnneh to those in A Note 
rrstrtciion of vrstilMiUr alfermts its the forelimb re^;ton of the nucleus ttom 
\\aU>erT' Bow-shcr, and Ilrodal •• 
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Tig 4 PhofofTucrographs (x 240) jhoti mg ihc appearance of retrograde cellular 
changes in the lateral vcsubular nucleus on the side of the lesion in >‘oung kittens 
subjected to transecuon of the \entrolateral funiculus of the spinal cord Ina 
small and medium sized cells shovung typical changes Jn b, giant cell and large 
cell affected with topical retrograde changes close to three prcser>cd normal cells 
From Pompeiano and Brodal '* 


Ho\ve\er responses following siimulation of ihc reticular formation 
reveal no somatotopic localization ** In 1957, wc also found that 
anatomically there is no somatotopic locilizttion wuhm the 
reticulospinal projection ** The current theory, therefore, seemed 
unlikely and its unicnability was finallj demonstrated when it 
was shown b) Walberg Pompeiano, Westrum and Hauglic- 
Hanssen** that the fasttgioreticular projection was nho dilTuselj 
organized The question naturally arose as towhcthcrthcscstibular 
nuclei known to receive fibers from the cerebellum might not 
be the link in the brain stem which permits a somatotopically 
localized transmission of impulses from the anterior lolic of the 
cerebellum to the spinal cord Tins would require the presence of 
a soTOatQtopvc locaUzatwau wv the pcoyccUQu fcota the laiera I \ cs ti bu 
Jar nucleus of Deitcrs onto the cord c used the modified Gudden 
method * * 

Following sections of the spinal cord in kittens a few days old wc 
studied the occurrence of retrograde changes m the nerve cells of 
the vestibular nuclei ** It turned out that such cbingcs were 
restneted to the nucleus of Dciiers but that small as well as large 
cells were affected (Fig 4) re, not only large but also small cells 
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send their avons to the cord Furthermore, the projection is clcirls 
organi7cd in a somaiotopic manner, as clcarl> shown in tlie rc- 
lonsiruction of l!ic nucleus in the sagittal plane in Figure 5h The 
rostro\cntral part sends its fibers to the cervical cord, the dorso- 
caudal to the lumbosacral cord, and the intervening part to the 
thoracic cord One ma>, therefore, speak of a neck and forelimb 
region, a trunk region, and a hindlimb region wiiliin the lateral 
vestibular nucleus Tins localization has further been confirmed in 
pli)-siological experiments b) Pompeiano“ and in degeneration 
Studies following lesions of the nucleus The vestibulospinal pro- 
jection therefore, fulfils the anatomical requirements for constitut- 
ing a link in i somatotopically organized palh\va> from the 



Fi? 5 \ nnd B dngrtins to *hoH ihc somatotopic arrangement of iho origin 
v\ii!i5n the laieral vriiibular nucleus of Hbcrspaasinq la dilTcrcnllcvclsof the cord 
To tlic left (A) the iMttern u diown as seen in transverse sections to the right (B) 
as It apjiears when projected on a sagittal reconstruction of the lateral vestibular 
nmleus Trom l*omiieiano and Brodal **C adiagramshowing the site of termina 
lion of primary vestilmhr fillers (dots) in the lateral vestibular nucleus as seen in a 
senes of transverse srciions rorreipondint; approximately to those in A Note 
restriction of VTsnbubr affcrenis »o the JurrJimb region of the nucleus From 
Wallierg Bowshcr ind IJrodal “ 
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Ftg 6 A photomicrograph (x 35) of a iransvfrsc section i irough the bram sieni 
of a cat following complete destruction of the \csiibular nerse (see Ftg 2 Nauia 
method) shoeing ducnbuuon of degeneration in sestibular nuclei Borders of 
nuclei are indicated b> broken lines Arrows point to the transitions between 
areas showing degenerating preterminal fibers and areas free from degeneration 
In the medial %esubular nucleus {\f) degenerauon at the level shown ts restricted 
to the lateral regions In the lateral nucleus (L) a relaiivel> sharp border (arrows) 
IS seen between the sentral regions, shotting degeneration and the dorsal regions 
Particularly in the latter some perikaryaof Deiters cells are Msible To the right 
degenerating fibers entering m the vestibular nenc (N \ III) From ISaJberg 
Bowsher aad Brodal ** 


cerebellum to the cord Other links in this pathway will be con- 
sidered later 

Reference was made above to the fact that the primary vesh- 
bular afferents are restneted to certain parts of eacli of the four 
vestibular nuclei only ** In the nucleus of Dejicrs this area covers 
the rostroventral part of the nucleus, while tis dorsocaudal part is 
free (Figs 2, 5 and 6) As seen in Figure 5, the region receiving 
primary vestibular fibers is ihc neck and forehmb region cf the 
nucleus of Deitcrs Tlic restricted divtnbution of primary vtsiibu- 
lar fibers to this region can be observed also in Golgi preparations ** 

In the nucleus of Deitcrs only its neck and forehmb region is 
therefore, strictly speaking, vestibular What then is the status of 
Its dorsocaudal part’ Tins, as vve have shown is the receiving 
station of the spinal aflerents (Fig 7) These alTcrcnts appevr to 
come only, or at least chiefly, from the lumbosacral cord, and ilicir 
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lig 8 Diagrammaiic reprwcniatjon of the findings in a cal »'»ih a lesion in jbr 
forelimb region of ihe anterior lobe of t*ic cerebellum (abo>e) Below, a senes of 
drawings of bonaoniaJ seciions ihrowgb ibe bran* stem sJiowing ihe dryeneraiion 
in (he \estibular nuclei as seen in Nauia sections 11 da^s following ihe lesion Note 
restriction of degeneration to the dorsal parts of the laieral nucleus (L) ehiffl> 
rosirall) (cp Fig 9) Inset shows that the fibers from the cerebellar cortex to the 
sesfibular nuclei parti) penetrate the rostroJateral part of the fauigiai nucleus 
Principles of repres-ntation as in rigurc2 Abbmiattons as in legend to Figure I 
From iValbcrg and Jansen *’ 
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tcrmimition in the hindhmb r^ion of the nucleus of Dcitcrs thus 
“makes sense ” Tlits distribution has been confirmed m man 
Bowsher,* and Mehler tt at have suggested that corresponding 
fibers ma) also be present in the monkc) 

Even if there is some overlapping bctuccn the three somatotopic 
regions within the nucleus of Dciters, the foregoing observations 
leave no doubt that the rostrovcntral and dorsocaudal parts of the 
nucleus are not equivalent Other findings support this conclusion 
and among these are our own studies of the ccrebellovcstibuhr 
projections 

The demonstration that the vestibulospinal projection is somato- 
lopically organized” strengthened our suspicion that the path\sa> 
from the cerebellum to the cord responsible for ilie localized cflccis 
on stimulation of the anterior lobe passes via the nucleus of Deitcrs 
A next step, therefore, was to analj-zc the projections of tlic anterior 
lobe onto this nucleus It has been known for a long time that the 
anterior lobe cmplo)"? two routes to the vestibular nuclei There is a 
direct one from the cortex to the vestibular nuclei, the other route 
consists of two links of neurons with a synapse m the fastigial nu 
clcus Althougli these fiber systems have been studied b> several 
students,” ** “ the question of ulietlicrthcj show any somatotopic 
arrangement docs not appear to have been considered using 
silver impregnation methods and b> making appropriate, re- 
stricted lesions, It has been possible to provide an answer to this 
question Thus, 4as seen in Figure 8, taken from tlic stud) of Wal- 
berg and Jansen,** a lesion of the “forclimb region” of the cerebel- 
lum results in terminal degeneration, chicfi) rostrall), in parts of 
the “forclimb region” of the ipsdatcral nucleus of Dcitcrs If the 
entire anterior lobe is destroyed, the area of degeneration extends 
to the caudal pole of the nucleus and covers its dorsocaudal part as 
well In addition, these regions receive a lesser number of fibers 
from the posterior lobe (Fig 10) 

These findings lend weighty support to our vsorking hypothesis 
since they demonstrate a somatotopic localization within the pro- 
jection from the ccrcbcihr cortex to the anterior lobe It is worthy 
of notice, however, that these direct rcrcbcllovesubular fibers do 
not cover the entire forchmb and hmdlimb regions Tins is shown 
to its Ijcst advantage in a vaginal reconstruction of the nucleus 
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fllT^ fibres lo cervical cord 
i- = j — • Ihofflcic « 

*”• *■ 'umbosocfol ■ 

E3 cere&effovesfttwfor fbres 

Fig 9 Diagram of the nucleus of Dcuers a* seen in a jaguuil projeciion In ihc 

draining lo die left the somatotopical pattern of the %estibulospmal projection u 
indicated (cp Fig 5) tn the right drawing the lenbmal distribution of degenerat- 
ing fibers in the case shown in Figure 8 is shown N’oie restriction of degeneration 
to the dorsal half of the nucleus and the sparse projection to the caudal part 
From UaJberg and Jansen ** 


(Fig 9) taken from the case illustrated in Figure 8 The lermtnal 
area of the direct cercbcllovestibular fibers is limited to ihc dorsal 
half of the nucleus, %Nhilc its Ncntral half is free from degeneration 
Tlic \entral border of the part m receipt of direct ccrcbcllovestib- 
ular fibers crosses tlie border between the forelimb and hindhrnb 
regions Thus not one of these subdivisions is uniform throughout 
with regard to its fiber connections This is further shown by the 
results of our studies on the fastigiovcstibular projection 

\n anal>sis of the latter projection is complicated by the fact 
that some direct fibers from the cerebellar cortex pass through 
the rostral part of the fastigial nuclcus‘» (Fig 8, inset) However, 
b> comparing the results of a number of cases with small stereo- 
tactic lesions," it has been possible to confirm and extend the 
observations of previous workers’* “ and to disentangle ific 
pattern in some detail We know from previous studies in our 
laboratory that the projection of the cerebellar cortex onto the 
mtracerebellar nuclei is arranged in a regular pattern (Fig JO, 
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np 10 Djigram illuiirdiing irwjor fcaiurr* m the projrnionj from the ecfrUrjlar 
cortre onto the nucleut of Dcticrs (to the left) mO m the prrjrcuont from the 
cerebellar cortex onto the faiiljul nurlcot and from ihu to the bieral vestibular 
micici Note that tl e direct cerebcllovesiibul *r filsers and the pri ;minn from the 
rostral pirt t f the fastisisl nurletis end in the dorul half of the tpsihteral lateral 
vestibulir nucleus while the fillers from the cmdsl part of the fjsin;nl nucleus 
via the hook bundle siippl> the veninl half of the niniralateral Ivtenl vestibular 
nucleus \Niihm each of these projecuons there is i snmttutopical localization 
I roin Drtxia! Comjjeiano and ^S lUirr^ ” 


ni’ht) Hits olzsenattoii rcccnll^ been confirmed tnd worked 
out jn gmter dc{4*iil tsith «jUcr imprcgmiton methods ** Hjc 
rcsulie of our siudtrx on ilic ftsttgioxcstihuhr projeetjon con Ik* 
prc<enicd licrr in suniimr) onl\, widi reference lo tiic dn^riin 
to ihc right in I igurc 10 

One sliouUl note tlnl fdsen from the ro^tnl p iri of the fnsugnl 
uucletis pass to die dorsnl Inlf of the ipsihicril nucleus of Deiters 
(1 ig 10 nghi), r e , to the ximc ptrt which teccisrs ftlierx dirrctU 
from tlic cerrl>clhr venms (rnj 10, left) This pathu is from the 
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anterior lobe \ia the rostral part of the fastigial nucleus shows 
localization m a somatoiopic manner throughout Tins applies 
also to the projection from the posterior lobe %ermis, but this 
projection takes another route TTic cerebellar fibers end m the 
posterior (caudal) part of the fastigial nucleus which sends its 
fibers to the contralateral testibular nuclei sia the hook bundle 
In the nucleus of Deiters these fibers end m its ventral part onl>, 
j r , in that part winch is not supplied bj fibers of the two routes 
from the anterior lobe 

These anatomical studies thus demonstrate that there are path* 
wa>s from the anterior as well as from the posterior lobe of the 
cerebellum which are organized so as to make possible a somato* 
topically localized transmission of impulses to the nucleus of 
Deiters From this nucleus another similarU organized pathwa), 
the vestibulospinal tract carries the impulses to particular levels 
of the cord The somatotopicall> localized responses on muscular 
tone and m>otaiic reflexes which have been observed on stimula- 
tion of the anterior and posterior vermis are therefore probablj 
brought about bv transmission along this localized pathway, 
while the ccrebello-fastigto-reticulo spinal route, although involved 
in the cerebellar influence on spinal mechanisms cannot be re- 
sponsible for the localization of these phenomena 

That the anatomically demonstrated somatotopic pittcrn m the 
ccrcbellovestibular connections has functional significance has 
been shown in pJiy siologjcaJ studies Not only lias ihc pattern in 
the vestibulospinal projection been confirmed,*' as previously 
mentioned but Pompeiano and Cotii** have been able to dem- 
onstrate the localization in Ihc ccrebcllovcstibular projection as 
well by recording from single units in the nucleus of Deiters follow- 
ing stimulation (D C surface positive polarization) of single folia 
of the anterior lobe Indeed ilic physiological studies clearly 
demonstrate that the localization is even more precise tlian can be 
inferred from anatomical studies, since most of the units respond 
to stimulation of one or in some cases tw o folia only , w bile stimula- 
tion of the nciglibonng folia (with liminal stimuli) is without 
effect ** The comacotopical localization in the caudal pin of 
the fastigial nucleus has likewise been pbvsiologically con- 
r * I* W^hether the cffccis on the nucleus of Deiters elicited 
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from the anterior lobe are mediated b> the direct fibers or vta 
the pathway tnvoh'ing t)ie fastigial nucleus has not )ci been de- 
cided (for further discussion see Broda], Pompeiano and \\ albcrg,’’ 
p 153fr) It may also be mentioned that the different \cstibuJar 
projections from the caudal and rostral parts of the fastigia! nucleus 
appear to be reficcicd in functional differences following stimula- 
tion or ablation of these two parts of the fasiigial nucleus, respec- 
tively * > In addition, there is evidence from physiological 
studies that the lateral and medial regions of the rostral part of the 
fasiigial nucleus are functionally dissimilar * Whether these dif- 
ferences are related to differences in fiber connections of the two 
regions is still an open question 

In order to complete the picture of the fiber connections of the 
lateral vestibular nucleus, it may be mentioned that this nucleus 
gives off fibers which ascend tn the medial longitudinal fasciculus 
(MLr)i’* presumably collaterals of vestibulospinal fibers " and 
also that it gives off fibers (or collaterals) to the reticular formation 
and some fibers to tlie contralateral lateral vestibular nucleus '* '* 
Whether tliese efferent projections are derived from particular 
regions of the nucleus or from its enure territory has so far not been 
decided, but the ascending fibers do not appear to have a special 
region of origin ” We could not find evidence of the lateral vestibu- 
lar nucleus sending fibers to the cerebellum, “ or receiving fibers 
vvhich descend in the medial longitudinal fasciculus Tlicrc arc 
indications that il may give rise to the efferent fibers in the vestibu- 
lar nerve 

Tlic data wlucli vve have considered so far show tliat Uie miefeus 
of Deilns must 6e subdnided into seieral tmitories One must distinguish 
between regions related to various levels of tlic spinal cord, for 
convenience called the forchmb and limdlimb regions, winch 
receive pnmary vestibular fillers or spinal afferents, respectively 
\Vithm each of these regions, Iiowcvcr, a further suMivision must 
be made between a dorsal pan, influenced by the anicnor Jol^e of 
the ccrcl^clhim, and a ventral part, infliienccd by the {josicnor 
Jobe (presumably, chiefly tJic pyramis) 

Let us now consider oihcr data on the lateral vestibular nucleus 
which supplement those discussed so far and which bring further 
evidence of the intricacies m the organiraiion of tins pirt of the 
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cat as seen in horizontal sections (CoIgi>Co'( method) Abo\c cell* from thcsentral 
part of the nucleus (position indicated in inset on the left) Below cell* from the 
dorsal part of the nucleus {see inset to the left) Note difference in size of 
penVarsa and orientation of dendrites \bbreMaiions as m legend to figure 1 
Courtess of Dr E Haughe Hanssen 


\estibular complcN \s referred to prcnouslj, c\cti in usinl Vis*I 
sections the large cells m the nucleus of Dieters arc ob<erscd to 
be larger and more fooscU spaced in the dorsocauclal part than in 
the rostroteniral * Tins vanation is also clcarlj demonstrated in 

•One might perhaps assume that thi* difference in »i*e of the cells reflect* the fact 
that the Cells in the dorsocaudal part base longer aeons than those in tl c rmtrosentral 
(provided it a true that there u a relation between the »izc of a periVai^-on and the 
length of the axon) 
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hg 12 Photomicr<^rap}iS of Nauta impregnated sections from the lateral 
vestibu/ar nucleus in a cat m which the tpstlateral vestibular nerve had been 
transected ten days previously (x ISO) Several degenerating line fibers establish 
contact with a small cell (soma and dendrites) in the nucleus (a) while a giant 
cell appears free (b) in spile of abundant degeneration in ns vicinity From 
^N'albci^ Bowshcr and Brodal *' 


Golgt sections, and vvith (his method other diflerences are also 
observed, as analyzed recenil> m our laboratory In Golgi sec- 
tions the giant cells in the dorsocaudal part of the nucleus are 
noted to have a widely branching dendniic tree with rather coarse 
dendrites, these being what one might call prototypes of multipolar 
neurons (Fig 1 1) In the rostroventral part the cells are not only 
smaller, but their dendntic branches arc more slender and oriented 
transversely, for the most part The different orientation of the 
dendrites is apparently related to the direction of the incoming 
fibers This is especially obvious in the cells of the rostroventral 
part, where the dendrites assume the same direction as the entering 
primary vestibular fibers Studies in progress indicate tliat the 
two parts of the nucleus differ m cholinesterase content 

Other noteworth) features concern the termination of afTerents 
on the cells in the nucleus of Dciters Primary vestibular afierents** 
appear to end almost exclusively on the soma and dendrites of 
small cells, avoiding the large ones (Fig 12a and 12b) Spino- 
vestibular fibers** as mcH as the direct cerebellovestibular fibers®^ 
end mainly on giant cells (Fig 13a and 13b), while tlie fibers from 
the fastvgial nucleus** end chiefly (perhaps exclusively) on small 
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Fig 13 a and b Photomicrographs of Nauia impregnated sections from the 
lateral vestibular nucleus in a cal eleven da>s following a lesion of the vennii of 
the anterior lobe (x 300} Fine dt^enerating fibers close to soma and especially 
dendrites of two giant cells From Walberg and Jansen *' 


cells One can only spccuhte at present about the functional im* 
portance of these features * 

Since the vestibular impulses exert in influence not onlv on the 
tonic and reflex activities of the cervicil cord but also on the 
lumbosacral cord it is intriguing to note tint prmnr) vestibular 
fibers reach onlj die neck and forelirnb tx*gions of the nucleus of 
Ueiters This of course docs not nccessinl) exclude an influence of 
pnmiry v estibuJar impulses on cells jn the dorsociuthi part, acimg 
on the lumbosacral cord since dendrites of cells jn the latter part 
might extend into tlie forehmb region or into other regions of tlic 
vestibular complex in receipt of pnimr) fibers Cajil'* mentions 
lint dendrites of cells in the lateral nucleus (in the mouse) mi) 
extend bevond its tcrriiorv iiul enter the mcdnl and descending 
nucleus However judging from the Golgi sections of Hiuglic- 
Hanssen tins docs not seem to Ire common at Icist not in the cat 
Practicall) all cells in the nue'eus of ncitcrs hive tfieir denefntes 
within the confines of this nucleus, fiirtlicrrnore, the cells in cicb of 
the two larger subdivisions (forehmb md bindlimb regions) do not 
appear to extend tlicir dendntes apprcciablv into the other, as 

•It is lemptin" lo hy-polt «irc ihit tl e dinrrcnl synspl c rrht otuli ps of the two 
kinds of crrebcltovcstibuLsr piihwiys on smnil ind Ivrcr cells respect vciv may Uc if 
some rcbtion to the role played by ilcccrcbcll im iniu I nkmc of inllumcrs on alpha 
and pamma neurons in tl e cord ** 
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Fjg 14 Diagram showing (circles) the temtones of ihe dcndriiic trees of a 
number of cells m the vestibular nuclei m the cat as seen in a horizontal section 
(Golgi Cox method) Note that the cucles in the supc tor and lateral nucleusarc 
largcl> confined to the territor) of the particular nucleus Abbreviations as m 
legend to Figure 1 Couriesx of Dr C Haughc Hanssen 


seen from the diagram in Hgure 14 The question may therefore 
be raised as to xslietlicr vestibular impulses reach the “hindhmb” 
region of tlie nucleus of Deiters via cirrumventnl routes The 
transmission of impulses from the \estibiilar parts of the media! 
and descending nuclei might be comidcred and tsoiild require 
axons or collaterals from the cells in the latter to the nucleus of 
Deiters Hoxscscr, such axons or colHicrals appear to be rare, if 
tliey cMSt at all Another possibibi} Js a route \n tlic cerebellum, 
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Since primary as well as secondary vestibular fibers reach the floc- 
culonodular lobe \N Inch projects onto the nucleus of Dciters *' *' •' 
The lateral vestibular nucleus of Dciters is hnoun to exert a 
marked influence on myotatic reflexes and muscular tone, and 
especially to facilitate extensor motoneurons, thereby activating 
alpha as well as gamma neurons of the cord ‘ It is therefore of 
interest to study tl e site of termination of llic vesiibulospiml 
fibers Certain investigators have claimed that these fibers (in the 
cat) end on motor ventral horn cells** or in the central gray 
matter,*’ while Staal*‘ recently indicated their site of ending to be 
laminae VII to IX of Rexed ** ** Xyberg-Hansen and Mascitti,*’ 
m our laboratory studying this matter m greater detail, found the 
fibers to end m laminae VII and VIII only (Fig IS) It tlms 
appears that in the cat at least, vestibulospinal fibers do not 
establish synaptic contact cither with large motoneurons or with 
gamma neurons * For purposes of physiological study, it is a further 
point of interest to note that during its course m the spmal cord 
the vestibulospinal tract changes its position** (Fig 15) 

From an analonucal point of tteu, the lateral lestihuhr nucleus af pears 
to be a part of (he lestibular nuclear complex, uhieh is esfeciall) ors,anit,{d 
to e\tTl a somalolopicall) localized influence on (he spinal mechanisms h) 
ua} of the itell deteloped lesUbuhsptnal tract This concept is in perfect 
agreement with physiological observations 
The utricular macula appears to be tJie part of the vestibular 
apparatus that is particularly important for the ionic hbyrmtlune 
reflexes It is of interest to note lint, according to the studies of 
Lorente de ^o ’* the pnrnary vestibular fibers to the laicra) 
vestibular nucleus are derived from the utricular macula (perhaps 
in addition to some fibers from the semicircular ducts) Tliesc 
afferenis however, as we have seen, reach the neck and forciimh 
rggipn of the nucleus onl>^*' while the hmdhmb region is acuvatetl 
by spinal afferents ** The whole nucleus is influenced bv fibersfrom 
the cerebellum arranged in a rather complicated pattern, and it 
exerts Its chief influence on the spinal cord Judging from the anatom- 

*The gamma neurons have so fir not t<vn Ktcniified anstomicjlli ^prairur* 

suecestion that they ire lezrecatcd as t partKular group mednll) in if e \cntral linen 
IS contradicted by the phv-siclogital otsenaliORS of Kccle* an<f ecllalwrtlcn’ **ho 
belieic them to be interspersed between the (timmi neurons s ipplying the particular 
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Fig 15 Diagrammatic repressnuuan of tic course and sue of lerminacion of 
vestibulospinal fibers in the cat as determined experimentally Above a diagram 
of the lesion which is confined to the lateral vestibular nucleus Smbols as in 
Figure 2, abbreviations as m Figure I From Nyberg-Hansen and Mascitti ** 

ical data, the lateral lesliiular nucleus of Deiters must be a particular and 
relalnely independent pari of Ihe enine complex, although it is in no ua) an 
enlilji It may be added that cmbryologicaJJy Jt appears to have a 
derivation tvhicli dificrs from that of the other vestibular nuclei 

THE SUPERIOR VESTIBUIAR NUCLEUS 
This nucleus appears to be more specifically concerned witli 
ascending actions of the vestibular apparatus Tlicrc is no cominc* 
rng” evio'ence rhat it gives off cither descending fibers-'^ or hben to 
the cerebellum Its ascending cficrcnts arc apparently dented 
from its enure territory ” Sev'cral authors have studied the terminal 
distribution of these ascending fibers Tins subject is also treated 
by Carpenter in this volume. 

According to Lorente dc N<5,** ** the primary' vestibular afTercnls 
supplying the superior vestibular nucleus appear to be dem cd from 
the cristac only. As already referred to, Ihrxc fillers supply largely 
the central part of the nucleus,** uhicli has specific cytoarchitec- 
lonic characteristics (Figs. I, 2 and 3). Some of the fibers arc pre- 
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sumed to be collaterals of fibers which enter the cerebellum to 
supply the flocculonodular lobe and adjoining regions * 

Considering the exclusive ascending projection of the <iupcnor 
nucleus, it ma> seem strange that it receives onl> fc\\*« or no’< 
fibers which descend m the medial longitudinal fasciculus How- 
ever, afTerents from the reticular formation appear to be pres- 
ent*’ and may mediate influences from higlier levels The 
main afTerents to the superior nucleus, liowcver, in addition 
to those from the cristae, are derived from dificrcnt parts of the 
cerebellum Thus the nodulus and flocculus send fibers to the 
superior nucleus,’* ** *' ** and there appear to be a feu from 

the vermis of the anterior lobe‘* and the uvula ** A more potent 
basis for a cerebellar influence of the nucleus is provided b) the 
projections from die fastigial nucleus “ *’ •' These fibers end 
chiefly in the peripheral pans of the superior nucleus,*' in the 
regions which are onl> sparsely supplied with primary vestibular 
fibers The fibers are m part crossed (hool bundle) and ;n part 
ipsilateral, and since they come from the rostral as well as the 
caudal part of the fastigial nucleus, the anterior as well as the 
posterior vermis of the cerebellum will have possibilities for in- 
fluencing the superior nucleus and for modifying the activities 
set up by impulses entering the nucleus from the cristae 

Like the lateral v estibular n«clcu%, //tc sufertor tmclfus apprart to h 
a Janh specific and felainelt mdej endent part of the lestihular com}lex-~- 
a conclusion supported by recent Golgi studies'®- since axons or 
dcndi ices of its cells do not appear to cross the border bctu« n the 
nucleus and its neighbors the lateral and medial vestibular nutlei 
(rig 14) 

THE MEDIAL VESTIBULAR NUCLEUS 
The remaining larger vestibular nuclei, the medial and the 
desccndin-g appear «? be wmeaiiat more hekee) xuumaJJj 

and perhaps arc less specific than the other two Iloucvtr, both 
have tlicir particular charactcnsiics, and, like llic otherc. neither 
IS uniform througiiout architectonically or with regard to con- 
nections, although both contribute fibers to the a-coiuling MI I 
riie pninarv vestibular filjcrs winch ajipcar to lie derived from 
tlie cristae onK <lo not supply the entire territory of the 
medial vestibular nucleus but end only latcralK (1 ig' 2 ind 6) 
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The medial nucleus af pears to br the sole ort«vi of the descending lesltbular 
fibers in the medial lonniiudmal Jasaadus Tins inference which can 
be icntatiscl) made fromsiudies of the prcMou-?!) available litera- 
ture" was reccntl) confirmed in our Jaboratorv b) cvpcnmcnta! 
studies with silver impregnation methods However, the spinal 
projection from the medial nucleus is relatively modest and does 
not descend below the cervical cord I lie contrast between tiic 
sparse and restricted distribution of the spinal fibers from the 
medial nucleus, influenced from the cnstac, and the far heavier 
pathway from the utncle-dommatcd lateral nucleus is of interest in 
respect to function Ihc medial nucleus, m addition to giving off 
ascending and descending cfTcreni fibers, possesses a relatively 
modest projection to the flocculonodular lobe of the cerebellum and 
probably to the fastigial nucleus'* '• (Hg 16) It also gives off 
fibers to the reticular formation and to the descending nucleus 



{•15 16 A wjmtnarwint; dnuram of ihc srcondirv vMuliuttxrrebrlUr projection 
In the cit n>e«r fitters come from the regions vtourrl tn the cti n;rTtti of a horuonfit 
section vhrovich itie ve«ubiilar nuclei mmeh iJie venirolaicrnl pat! of the 
descending nucleus (including groups f, not mdiriied) caudal part of the medial 
vestibular nucleus and group x Hie course of the filxrrs and their iiirsof termina* 
tion ate indicated .vceordmg t» IV»v\ *• 1 rom Ilrodil and Torvik '* 
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The mam aferenls to the medial nucleus, apart Jrom thefrimar} lestihular 
fibers, are denied from the cerebellum Some filers come from ilie 
nodulus,"' but a more abundant projection is derived from the 
fastigial nucleus arranged m a specific manner (Fig 21) Tlic 
contribution from the caudal part of ilie fastigial nucleus is dis* 
tnbuted via the hook bundle to the vcntralmost region of the 
contralateral medial nucleus onl>, while the rest of the nucleus 
receives its fibers from the rostral part of the ipsilatcral nucleus " 
Finally, a modest contingent of descending fibers in the MLF end 
in a restricted part of the nucleus,** and, as seen in Figure 7, some 
of the fibers from tlie spinal cord reach tlic caudalmosi regions of 
the nucleus ** 


THE DESCENDING (INFERIOR) VESTIBULAR NUCLEUS 
In addition to fibers from the cristae, this nucleus appears to 
receive primary afTerenis from the saccular and perhaps the 
utricular macula ** Tl e terminal area of the pnimry \cstil)ular 
fibers (Fig 2) covers tlie lai^er part of the nucleus ** Tenninitions 
are scanty, however, and most of these occur rostrolaterallv A 
modest number of spinal afTcrents (Fig 7) end in its eaudilmost 
part ** Descending afTerenis from the MLF were not observed 
following lesions of the mesencephalon** whereas lesions of the 
bundle at the level of tlie abducens nucleus arc described ns result* 
mg in degeneration throughout the nucleus 

The descending nucleus differs in its connections from ilic medial 
nucleus in the respect that ii does not give ofT descending fibers to 
the cord ' ' and its contribution of ascending fibers to the 
MLF IS modest On tlie otlier hand the descending nucleus has a 
more intimate relation to the cerebellum than the mednl nucleus 
It gives off secondary vestibulocerebellar fibers to the flocculus, 
nodulus and uvula and a modest numWr to the fastigial nu* 
clcus “ "* As seen in Figure 16, these fibers arc derived chiefly 

from the v entrohicral regions of the nucleus more particularly at 
caudal levels ' '* Furthermore, the descending nucleus receives 
ccrcbcllofugal fibers in considerable number? In addition to 
fibers from the nodulus *’ ’* there arc direct fibers from tlic anterior 
lobe vermis and fibers from the rostnl part of the fastignl nucleus 
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the group fm the descending vejubular nucicwsof jhf cat (x IIO) Ini thi grriip 
(outlined b> arrov^s) is filled %Mih degenenung prcierminal fiben is a result of 
a stereotactic lesion of the contralateral fastigial nucleus made eight da>s before 
the animal ivas killed In contrast mb the group (otitimed b) a broken line) t« 
free from degeneration in spue of prcterminal dcgcneraiion in the surrounding 
regions of the descending nucleus resulting from a transection of the ipsilaieni 
vestibular nerve ten days l«fore the animal was killed T rom Walberg Pompenno 
Brodal, and Jansen" and kt'alberg Bowsher and Brodal resjicciucli 


TJic latler ttio contingents arc uncrossed and end principilly in 
the dorsal and rostral part of the nucleus, whereas the crossing 
fibers from the caudal part of the fastzgial nucleus, running in tlie 
hook bundle, supply chiefly the \cntral parts of tlit comralitcral 
descending nucleus •' 'Iliis reminds one of the situation prcMousIj 
described in the lateral \ cstibular nucleus 
The intimate relations betsseen the cerebellum and the descend* 
mg nucleus arc particularly CMdcm for its group f, which forms an 
almost separate sulxlnisiou of the descending nucleus, and for a 
group X situated just latcr.al to the descending nucleus (Pig 1) 
'Hicsc groujis send a great proportion of Uieir cfTcrent fibers to ihr 
cerebellum (Pig 16) as sliown by Ilroda! and Torsik *’ As wc have 
demonstrated** both groups tctcixean ample projection of afTerrnt 
fibers from ilie fastigial nucleus sia the book bundle (Pig 17a} 
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Houever neither group f nor group\ rcccixcs pnmar> vestibular 
fibers '* remaining free from degeneration follouing tramection 
of the \ estibular ner\ e (Fig 17b), while group x rcceiv es numerous 
spinal afferents Although these groups hck primarj vestibular 
aflferents their connections bear witness of a close functional 
relationship to the cerebellum If one considers tliem as differentia 
tions of the descending nucleus their connections support tlic 
contention that among tkt four principal lestxlutar nucUt, the dacerding 
nucleus is especially closely related to the cerebellum let stricth sfeaking 
tilts nucleus hie the others does not constitute a iintl sirceit sho ts regional 
differences itilh respect to its connections as uell as architcclonicalh 


THE CEREBELLOVESTIBULAK RELATIONS 
niese reJalionsliips deserve <ome <pecn! comment \s wc hue 
seen all four of the large vestibuhr nuclei receive afferents from 
the nodulus and from the fasugial nucleus In addition direct 
fibers from the \ ermis of the anterior and posterior lobes reach tl e 
lateral and descending nuclei and the flocculus sends fibers to the 
lateral and supenor nuclei In \aev% of this fact it is striking to note 
that the vestibular impuhes entering the cerebellum supplv onlj a 
minor part of the cerebellar region^ vvhich influence the vestibuhr 
nuclei Pnmarv and secondar> vestibular fibers do not end in the 
vermis of the anienor and po>tcnor lobes except the uvaila, and 
on!\ a few fibers appear to end in the fasugial nucleus However, 
according to recent expenmental studies* some vestibular fibers 
terminate in the paraflocculus cspcciallv in its ventral hmb and 
in the small-celled pan * of the dentate nucleus (Fig 18) Wc arc 
not convinced of the presence of fibers ending in the fa«tigial nii 
clcus even though man> fillers pass through it \ccordmg to tins 
concept the vestibular part of the ccrcl>ellum thus extends l>c 
vond the confines of tlie flocculonodular lolic * Even though the 
temtorv of tlie cerebellum which receives the vestibular impulses 
mav be larger than prcviousK assumed it is obvious that the 

be m^ni oned ihJi iJ>r<»rtn oflh ftwndfJ vrsi Imbr p.irt d fTim from 
thf rest of the cerebellar cortex in cena n rerorcw with re ird to l*ie t37>r» of 
fiber end n"S * S ncc the pnman \r»tibular f ber* end ai mow) fit>eT»’ it apfetn 
likeN that thea d fTer funetionatlj insomeww from the other afTerenti eiadjie a* 
hbera luch as the f beta of the ip noccrrbellar laateitis 
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\c<;tibular impulses to the cerebellum can onh l)c cou'idcrcd to a 
limited extent to be directly tmohed in the cerebellar control of 
the \estibular nuclei ^fost of this control occurs bj regions (the 
\cnnis of the anterior and the posterior lobes), \shjch arc char- 
acterized bj receiving impulses from the spinal cord via dilTercnt 
fiber s> stems On the other hand, tlic connections of group \ 
e\emphf> an arrangement bj uliicli spmal impulses reach the 
vestibular part of the ccrebclluin While these features bear witness 
of the possibility of close cooperation between vestibular, spinal, 
and ccrcljcllar mcciianisms known to exist from plivsiological 
siiuhcs. tlic) also demonstrate that tlic collaboration between 



Hi; 18 A dusram of ilic ccrcl>fllar furki'e (imvgincd iinfoWed) anti of the inira- 
ccrclwlLir nuclei s’loumt; the m;«m» (cljitcd) reteinn^ prinar> vtJtibuUr fiber* 
Note diMnlnjliun Ix^uml the confine* of ihr fliKCulwodular lobe For ablirrvla- 
tions »ee legend to ll^ure 1 I rom hrodil and Heink • 
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\estibular apparatus, spinal cord, and ccrcljclliim must take place 
in a \er> complex ua\ This fact issvorth remembennq in analyses 
of the functions of the \ estibular nuclei 


DISCUSSION 

Every new step in our knowledge of the finer organization and 
the connections of the v estibular nuclei has made our picture of this 
nuclear group more complex and more intriguing 

The patterns of aflereni and efferent connections differ not onlv 
between each of the four principal nuclei, but even for minor parts 
within all of them The morphological analisis oj tins nuclear complex 
meals it to be a mosaic of mari} small, more or less specific units These 
structural Jeatures rnust obiiouth hoie their functional counlerfart, mahng 
It necessar) to haie these comple\tUfs w mwd m j hsiohgieai studies, cspect- 
alK when attempts are made to record potentials or to undertake 
stimulation exTJenments If the finer geography of the nuclei is 
neglected in such studies confusion is bound to arise 

It will be the task of neuroplivsiotogisis of tlie future to attempt 
a functional analvsis of each minor unit— admittedly a tremendous 
and extremely dilTicuIt job Since at present wc must be content 
with crude approaches it ma\ be useful to summarize some mam 
points in the anatomv of the nuclei and to direct attention to some 
partjcularh sinking anatomical features for cad) of ilic four lai^est 
members of the group with reference to the diagrams in Figures 
X^.ll 

The lateral leshbular nucleus (Fig 19), dominated by impulses from 
the utncular macula af fears to be xeloUiet} specific It ts the main 
nucleus acting on the cord It is somatotopicallv organized and mav 
influence all levels of the cord by fibers of the vcsubulospiml 
tract *’ which have their endings on inicrnuncial cells in the grav 
matter UTufe its neck and fbrcfimb region onfy is inffucnced by 
primary vestibular fibers,*’ it is amplv provided in an intncatc 
pattern with vanous contingents of afferents from the spinal areas 
of the cerebellum (directlv as well as via the fastigiaJ nucleus) 
Tlicsc connections make it clear that the influence of the ^^sftrocere- 
helium ’ on miotalic reflexes and muscle lore must te, (o a large exterl. 
mediated na the lateral leslibular nucleus (Flic additional routcvia the 
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effcrcnl f»l>cr ct>nnccuons of the lateral \T>tibular nucleus of Detters Internuncial 
eelU, short intranuclear connections connections v.iUi the reticular formation 
afTercnis from the flocculonodular lobe and some other small fiber componentj 
arc not jncliifled n»e i/i*ei below »o the rttjln rejiresenu a diagram of a u^^ital 
lectifln of the nucleur showmp die prinajilrs «n the dirtributton of the afTcreni* 
from s'anous sources fhe bnalen line indicates the apprtiaimafe border l^erueen 
the neckand foreliml) rcRion and thelundlimbreBion See also f igutes 2 5 <5 ■* 7 
and 10 ^tishtlj altered from Rfodal Pompenno and U atl>^r^ 


rcucular form ttton Inck^ soimtotopiciil orR'int? ition ) llic fiocett- 
lonodular lobe mns be imoKctl, to a leaser c\tcm, tn the rcrcl>clhr 
fontro! of the nucleus 
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Tig 20 Simplified di3grammauc rcprrscntanon of the principal aJTerrni and 
efferent fiber connections of the superior sestibular nucleus according lo the same 
principles as in Figure 19 Inset below to the right shows a horuontal teeiion 
through ihe nucleus in which the terminal areas of xanous afferenis are indicated 
See also Figures 2 and From Brodal Pompenno and \VaIberg '* 


The subfTior ifslihular riucteus (I ig 20) itccj\ mg impulses from the 
enstae of the semicircular ducts is quite difrercnt from the hieral 
nucleus in that a fxerls ils action on higher teirh of the reuTcxti It does 
not send fibers to the cord or to the cerebellum but nppeirs to 
gi\c off all Its cITcrcnts to the tscendmc MbI to act on tlr nuclei 
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Fig 21 SimpliRcd diagrammatic representation of the principal afferent and 
efferent fiber connections of the medial vestibular nucleus accordmg to the same 
principles as in Figure 19 Inset bcloti to the right shows a transverse section 
o'trougfi rile nuci’eus wrii termina/ n^ions for ter varroos ariererrts tniAeatreri See 
also Figures Z '2,6 1, and 16 From Brodal Pompeiano, and Walberg ** 

of the ocular muscles and other stations While tlie nucleus does 
not receive fibers from the cord, tlie cerebellum has ample possi- 
bilities for influencing it by fibers from the fastigial nucleus and 
from the flocculonodular lobe 

Tlie medial leslibular nucleus (Fig 21) is less typical Receiving 
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Fig 22 Simplified diagrammauc represeniaiion of i!ie principal afTcrrnt and 
cfTerenf fiber connecwyn* of the descewlmg (infenor) irJiibubr nucJeut and 
groups f and t according lo ihe same principles as in Figure 19 Inset below to the 
right show 8 3 transs erse section in which the terminal regions of > arious grouftf of 
afferents arc indicated See also Figures 2 8 14 and 16 S/ightfi aftcred from 

Rrodal Pomjieiano and \\ albcr^ ” 


impul«;£*s at least clurfl) from the ensne n rrat m/lufrce th actnlr 
in llif ctTiical sr^mfnts of the cord b\ wav of fibcri dc ccndin^ in tlie 
\II F and it contnbiites ascendin" libers to the MI I \Mnle onb 
feu of Its efferent fibers rcich the cerebelluni the nucleus receives 
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an ample contingent of fibers from the fastigia! nucleus and prob- 
ably from the nodulus as well It thus appears (0 be in some aajr a 
parallel to the lateral nucleus^ itith the difference that it is related to impulses 
from the crislae, and its descending action is limited to the cervical segments 
of the cord 

The: descending lesUbular nucleus (Fig 22), receiving impulses from 
the cristae, the saccule, and possibly from the utricle, appears to be 
(he pari of the lestibular nuclei which is most closely related to the cerebellum 
Of all the vestibular nuclei, u has the largest projection to this 
organ (to the flocculonodular lobe), and, like the nucleus of 
Deiiers, it receives impulses from the spinocerebellum by direct 
corticovestibular fibers and via the nucleus fastigii This intimate 
relation to the cerebellum by connections both uays is particularly 
marked for groups f and x which may be considered as special dif- 
ferentiations of the descending nucleus The fact that these groups 
are not supplied by vestibular aflerents is another piece of evidence 
of a close and complexly organized collaboration between the 
spinal cord, vestibular nuclei and cerebellum 
The presentation given here has been restricted to a considera 
tion of the larger and more specific connections of the vestibular 
nuclei Further data on particular connections, such as those with 
the reticular formation, and data on the intrinsic organization of 
the nuclei may be found m our monograph ** For recent data on 
commissural connections and projeclions from the lateral and dc 
scending nuclei to the reticular formation, I refer the reader to 
the reports of Carpenter and associates 
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Tig 22 Simplified diagrammatic represcniaiion of the prmnpil afferent and 
efferent fiber connections of the descending (inferior) vesiibutar nucleus and 
groups f and x according to the same principles as m Figure 19 In'ct Wow to die 
right shows a transserse section in sshtch the terminal regions of varioui groups of 
afTerents are indicated Sec also rigures 2 7 8 14 and 16 Shghtl' aftrrerf frorn 
Brodal Pompeiano and W albcrg “ 


impulses, at least chieflj from the cnsiac it may mflume t! e actmlY 
in the cenical se^menls oj thf cord b\ of fibers ck'^ccndinc' In llie 
MLF, and it contnbutes ascending libcr» to tlic MLf U Inie onl) 
feu of Its efrerent fibers reach the cercJiclfum, tlic nticJeui rreettes 
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an ample contingent of fibers from the fastigial nucleus and prob- 
ably from the nodulus as well It thus appears lo be in some wajs a 
parallel to (he lateral nucleuSy ittlh Ike difference that it is related to impulses 
from the mstae, and tts descending action ts limited to the cervical segments 
of (he cord 

The descending lestibular nucleus (Fig 22), receiving impulses from 
the enstae, the saccule, and possibly from the utricle, appears to be 
the part of the lestibular nuclei which ts most closely related lo the cerebellum 
Of all the vestibular nuclei, it has the largest projection to this 
organ (to the flocculonodular lobe), and, like the nucleus of 
Deiters, it receives impulses from the spinocerebellum b> direct 
corticovestibular fibers and via the nucleus fastigu This intimate 
relation to the cerebellum b) connections both ways is particularly 
marked for groups f and x which may be considered as special dif- 
ferentiations of the descending nucleus The fact that these groups 
are not supplied by vestibular afferents is another piece of evidence 
of a close and complexly organized collaboration between the 
spinal cord, vestibular nuclei and cerebellum 
The presentation given here has been restricted to a considera- 
tion of the larger and more specific connections of the vestibular 
nuclei Further data on particular connections, such as those with 
the reticular formanon, and data on the intrinsic organization of 
the nuclei may be found m our monograph For recent data on 
commissural connections and projections from the lateral and de- 
scending nuclei to the reticular formation, I refer the reader to 
the reports of Carpenter and associates ” 

REFERENCES 

\ Andersson, S , and Gernandt, B E Ventral root discharge m re- 
sponse to lestibular and proprioceptive stimulation J Nturo- 
physiol, 79 524, 1956 

2 Batmi, C , and Pompciano, O Chronic fastigial lesions and their 

compensation in the cat Arth Ital Biol , 95 147, 1957 

3 Batmi, C , and Pompciano, O Effects of ro»tro medial and rostro- 

lateral fastigial lesions on decerebrate rigidit) Arch Ital Biol , 96 
315, 1958 

4 Bowsher, D The topographical projection of fibres from the antero- 

lateral quadrant of the spinal cord to the subdiencephahe bram 



142 Neurological Asf’rcts of Audilori anti I’esltbular Disorders 

stem in man Psyhiat Neurol, Basel. 143 75, 1962 

5 Brodal, A Cxpenmentellc Untcmichuni^en ubcr rcirocradc ZelKer- 

anderungen m der unicrcn Olive nach Lasionen des KIcinhiras 
^ ges Neurol Psjehiat , /6K5 624, 1939 

6 Brodal, A Modification of Gudden method for studj of cerebral 

localization Arch Neared Gf P^rAiat , (Chicago) , -/J 46, 1940 

7 Brodal, A Fiber connections of the vestibular nuclei, in Rasmussen. 

G L , and Windle, W , eds N'/ural Mechamsms of the Auditory and 
Vestibuhr Systems Springfield, Charles C TIjomas, 1960, p 224 

8 Brodal, A , and DrabI0s, P A Two tvpes of moss> fiber tenninals 

in the cerebellum and their regional distribution J Comp N'furol , 
121 173 1963 

9 Brodal, A , and ik, B Sue and mode of termination of primarv 

vestibulocerebellar fibres in the cal An experimental study with 
silver impregnation methods Arrk hat Bwl , 102 — , 1964 

10 Brodal, A, and Pompeiano, O Tlic vestibular nuclei m the cat 

J elnat (London). P/ 438. 1957 

1 1 Brodal, A , and Pompeiano, O The origin of ascending fibres of the 

medial longitudinal fasciculus from the vestibular nuclei An 
experimental studv mthecat Aeta Morph Nerrl Sfand, t 306, 1958/ 

12 Brodal, A , Pompeiano, O , and Walbcrg, F The Vestibular Nuclei end 

(hetr Conntcltons Ramsav Henderson Trust Lecture Cdinburgli, 
Oliver and Boyd, 1962 

13 Brodal A, and Tonik, A Uber den Urspnmg der aekundJrrn 

vcsiibulocercbcllarcn Fasern bei der Katze Line cxpenmentell- 
anaiomische Studie Z AWo/ Psychiat , 795 550, 19'>7 

14 Cajal, S R V llistologtr du Systeme Xerteux dr Pllomme el des Verllbils 

Maloine Pans, 1909-11 

15 Carpenter, M B Fiber projections from the descending and lateral 

vestibular nuclei in the cat Arner J Anat , 107 1, 1960. 

16 Carpenter M B experimental anatomical-plnsiological studies of 

the vestibular nerve and cerebellar connections, in Rasmussen, 
G L . and \\ mdle, 3N , cds \turat Mechanisms oj the Auditnrj ard 
lestibular Sislems Springfield, Charles C Thomas, 1960, p 297. 

17 C.arpcntcr. M B , Ailing, F \ , and Bard, D S I.esions of the de- 

scending vestibular nucleus in the cat J Comp .Veurol , 11157, 
I960 

18 C.arpenter, M B . Bard, D S , and Ailing, F A. Anatomical connec- 

tions between the fastigml nuclei, il»e Jabvnnth and the vestibular 
nuclei m the cat J Comp \eiirol,11l 1,1959. 



Anatomicai Organization and Fiber Connections oj the Vestibular Nuclei 143 


19 Carpenter, M B , Brittin, G M , and Pines, J Isolated lesions of the 

fastigial nuclei in the cat J Comp Neurol, W<7 65, 1958 

20 Carpenter, M B , and Hanna, G R Lesions of the medial longitud 

inal fasciculus in the cat Amtr J Anal , 110 307, 1962 

21 Cohen, D, Chambers, W W, and Sprague, J Af Experimental 

Studies of the efferent projectiom from the cerebellar nuclei to the 
brain stem of the cat J Comp Xeurol , 109 233, 1958 

22 Dow, R S The fiber connections of the posterior parts of the cerebel 

lum in the rat and cat J Comp Neurol , 63 627, 1936 

23 Dow, R S Efferent connections of the flocculo-nodular lobe m 

Macaca mulalta J Comp Neurol , 63 291, 1938 

24 Ecclcs, J C , Eccles, R M , Iggo, A , and Lundberg, A Electro- 

ph^siological studies on gamma motoneurons Ada Physiol Scand , 
50 32. 1960 

25 Flood, S , and Jansen, J On the cerebellar nuclei m the cat Ada 

Anat , Basel, 46 52, 1961 

26 Gacek, R R Efferent component of the vestibular nerve, m Ras- 

mussen, G L, and Windle, W, eds Neural Mechanisms oj the 
Auditory and Vestibular Systems Springfield, III , Charles C Thomas, 
1960, p 276 

27 Gerebtzoff, M A Lcs bases anafomiques de la physiologic du 

cerevelet Cellule, 49 71, 1941 

28 Glees, P Terminal degeneration within the central nervous system 

as studied by a new silver method J Neuropath Exp Neurol , 5 54, 
1946 

29 Granit, R , Holmgren, B , and Merton, P A The two routes for 

excitation of muscle and their subservience to the cerebellum J 
Physiol, 730 213, 1955 

30 Hauglic-Hansscn, E Unpublished observations 

31 Jansen, J , and Brodal, A Experimental studies on the intrinsic 

fibers of the cerebellum, II The corticonuclear projection J 
Comp Neurol , 73 267, 1940 

32 Jansen, J , and Brodal, A Experimental studies on the intrinsic 

fibers of the cerebellum The corticonuclear projection in the 
rabbit and the monkcv Ai/h Nerske Vid -Akod 1 Mat Nat hi No 
3 1, 1942 

33 Kappers, C U Anens, Huber, G C , and Crosby , E C The Com- 

paratne Anatom) oj the Nenous System oj Vertebrates, Including Man 
New York, Macmillan Co , 1936 

34 Lorente de N6, R Etudes sur Fanatomic et la physiologic dii laby- 



\AA \eurolcgical Aiptctt oj Auditor) and \tiUhulai Dtsotdm 

rinthe dc 1 oreille ct du \ HI* ncrf Dcuxicme piriic Quclqucs 
donnees au sujet de i anatomic dcs organcs sen^oncls du lab) 
nnthe Trat Lab Reth biol Vmv \tadr 32 1926 

3a LorentedeNo R Snaiomi of the eighth nme Tlic central projec 
tion of the ner\ e endings of the internal ear Lann^oscopt -/J 1 1933 

36 ^fecssen H and Olszewski J i CuoatchiUctomc Ulas oj tht Rhomhtn 

cephalon oj the Rabbit Basel S Iwargcr 1949 

37 Mehler \\ R Feferman M E and \auta J H Ascending 

ason degeneration following anterolateral cordocom) \n expen 
mental stud) m the raonkex Brain 5J718 1960 

38 \loruzzi G and Pompciano O Crossed fastigial influence on 

decerebrate ngiditx J Comp \eurol 706 371 1936 

39 Nauta U J H Silver impregnation of degenerating axons m 

\\ indie \\ ed \m Restanh Ttchn oues of Nr roanalemi Spnng 

field Charles C Thomas 19a7 p 17 

40 Njberg Hansen R and Mascitti Th A Sac and mode of tcnnim 

tion of vestibulospinal fibers in the cat An e\pcrtincntal stud) wall 
silver methods J Comp \/urol (in press) 

41 Pompeiano O Organizzazione somatotopica delle nsposte posturali 

alia stimolazione eiettnea del nucleo di Deiters nel Gaito dccerc 
brato Arch Sci B ol 4J 497 1960 

4’ Pompeiano O Somatotopic organization of the postural responses 
to stimulation and destruction of the caudal part of the fisiigial 
nucleus Arch llal B ol 700 259 1962 

43 Pompeiano O and Brodal \ The origin of vestibulospinal fibres 

in the cal An cxpcnmemal anatomical studv w ith comments on the 

descending med al longitudinal fasciculus frrA flat Ihot 93 166 
1937 

44 Pompciano O and Brodal \ Spino vestibular fibers in the cat 

An experimental stud) J Comp \fvrol lOS 333 1937 
43 Pompciano O and Cotii E \nalisi microclettrodica dcllc pro czioni 
cerebello-deitersianc Arch Sc> B ol •73 57 1939 

46 Pompciano O and Walbcrg T Descending connections to tie 

vestibular nuclei \n expcriirental studv in the cat ^ Gimp \ruro/ 
705 463 1937 

47 Rasdolsk) J Uberd cEndigung der extrapvratnidilcn Bewegungs 

sv^teme im Ruckenmark ^ get \tUTol Bichat 56 361 1923 

48 Rexed B The c)to3rchitecton»c orgimz-vlion of the spmxl cord m 

(he cat J Comp \eurol 19o2 

49 Rexed B \ cvtoarchitectonic atlas of the spinal cord in the cat J 

Comp \euTof 100 297 1934 



Anatomical Organization and Fibn Gmreeftant of th VtiliMar Xuclri 145 


50. Schimcrt, J.; Djc rndij^nqjttcise dcs Tmctus vcstibulotpimln 

Anal Crluicklungs^fuh , fOS 761, 1938 

51. Snider, R. S , and Nicmer, W. T • A Stmotaxu Alhs e/lf-c Cat /train 

Clitcaj^o, Tlic Unuer^jt^ of Chicat'o Pre^s, 1961 

52 Sprague, J M • Motor and propriospinal cells in the thoracic and 

}mnbar\cn(ral horn of the rlicsus monies y Comp Nr&ro/ , 103. 

1931 

53 Spraque.J M , and Cliambcrs, \V W Control of posture b) reticular 

formation and cerebellum in the mtact. anesthctircd and un- 
ancsthciizcd and in the decerebrated cat .Imfr J Phuol , 170 ^1, 
1954 

54 Siaal, A Sulx:oriicaI Projections on the Spmal Gra\ Matter of the 

Cat Thesis KoninklijKe Dnilkenjen Lanlhout-IMMIG N \ -*S- 
Grascnhaqc, 1961 

55 Thomas, D M , Kaufman. R P, Spraquc.J M . and Chambers U 

\\ Experimental studtcsof the\enn«il cerebellar projections m the 
brain stem of the cat (hstiqiobulbir tract) J Anal , 00 371, 19S6 

56 Torvik, A . and Brod.i). A Tlic onqin of reticulospinal fillers in the 

cat An experimental stud) Anal Rrr , f2S 1057 

57 \'raa*Jcnsen, G On the correhtion betvseen the function and striic* 

tore of nene cells Acta Pcychiat A'mof. trW.Supp! W 1, 1956 

58 Walberii, J . Ilo\\slier, D , and Brod,nl. A The termination of primarx 

sesiihiilar filxin in the scsiibiilar miclci in the cat An expcninentol 
studs «itlisil\cr methods j Comp A tutor , IW 391. 1956 

59 5Y,albcrK. V . andjamen.j CcrebcU.irc<)rtico\eMihular filien in the 

cat Ctp \furol , f 321, 1961 

60 Walljert'. F . and Jansen. J Tlic ccrclKUar corticonuclc.ir projection 

An experimental stud) with silver methods (In prrpiraiion) 

61. Wallicrp. P. Pompeiano, O . Brodal. A . and |nnscn,J Ihefasiiqio- 
vesubuhar projection m the cat An experimental sliidv with silver 
impreqmtion methods J Comp Anwe/. US 49, 1962 
62 Wallierq, F , Pomjwiano. O . U’cstnim, I. . and If. niche- Hansvcn, F. 
Fasticiorcticuhr filwrs tn the cat An experimenial studv with 
silver methods J Comp Xrjrp/. HO lfi7, 1962 

DISCUSSION OF aiAPTER VII 

Or, Malcolm B. Carpenter,New Vork: 1 have «c\ cr.nl questions 
rclatcrl to subject nmiter tvhicli >oiJ could not inrludc in )-our 
lecture l>ccausc of the time Inniiatton One of the questions con- 
cerns connections l>ctuecn ibc xcsiibular nuclei of each side 
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In some of our studies, ba««d on di<!crctc lesions of the vestibular 
nuclei, we have seen preterminal degeneration passing to the cor- 
responding contralateral vestibular nuclei I wonder if >ou would 
comment on this 

The second question concerns the extent of the descent of vesti- 
bular fibers in the MLF m the spinal cord It is in> impression that 
most of these fibers come from the medial vestibular nuclei What 
are your ideas in this regard^ 

Dr Alf Brodal, Oslo, Norway Dr Carpenter, I had to omit 
quite a number of details because 1 did not want to overload m> 
presentation Our group has not donc\er> mucli on the subject of 
nuclear interconnections Onl> recently some of our students 
started making lesions in tlie vestibular nuclei and tracing the 
fibers I know from your papers that you liavc described commis- 
sural connections between different parts of the v estilnilar complex 
\s you are obviously the first to adroit, in such studies one always 
runs the risk of damaging by passing fibers, so wc have to be very 
careful and to use Golgi studies to check the experimental findings 

Concerning the second question, “How far do descending fibers 
from the vestibular nuclei passing in the MLF descend’” Wc have 
found that these descend only to the lowermost cervical segments 
liave used longitudinal sections to verify this because m trans- 
verse sections a small number of degenerating fibers will almost 
inevitably escape rscogntuon 

Dr Gunnar Aschan, Uppsala, Sweden: As a clinicnn, it is 
significant to me that in the last decade considerable attention has 
been paid to the peripheral function but everyone has been very 
shy when it comes to central vestibular function I think the answer 
has been given by Dr Brodal 

We hav e known v cry little about the central v cstibular pathway s 
r think, therefore, that aff of us shouW fhani Dr Srod,tl fsr^cn^ 
us the first key , from the clinical point of v icw and from the clinical- 
experimental point of view, to open new avenues because anntomv 
is the first thing we must know 

Dr Franz Altmann, New Vork. I want to ask Dr Brodal a 
question There must be some efferent fibers comparable to Ras- 
musien’s bundle m the cochlen Ho« much it knouii nhou! Hut’ 
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Dr. Brodal: I do not think there is any doubt iliat such fibers 
exist; but since Dr Rasmussen, ssho has ssorked on tlicsc fiber?, 
IS present, I would like to turn that question ovci to him 

Dr. Grant L. Rasmussen, Bethesda, Maryland: In 1958 
Gacek and I first demonstrated the presence of eflerent \esiibular 
fibers b> means of the expenmental degeneration method (Ras- 
mussen, G L , arid Gacek, R R , Concrmin^ the qtieslton of an ejjerent fiber 
comporietil ef the lestibuhrnene of l/ie cal. Anal Rec , 130 361-362, 195S) 
A full account of these studies also appears in a chapter of Sniral 
Mechanisms of the Auditor} and IVi/ifru/ar published by Charles 

C Thomas in I960 This work indicates that the efierent s'cstibular 
fibers arise in the region of the lateral vestibular nucleus and leave 
tlie brain along with tlie efferent fibers of the cochlear nerve Botli 
groups of efferent fibers course together in a rather compact bundle 
as far as the ganglion of the saccular nerve where the vestibular 
efferetu fibers are distributed to all branches of the vestibular 
nerve Tlic degenerated vestibular efferent myelinated fibers vsrre 
traced as far as the basement membrane of the ncuroepithchum of 
all the receptor organs In another chapter of tlic book jUSt rr.cn- 
Honed, Professor G F Dohlman offers substantial evidence for the 
termination of these efferents about the receptor cells by means of 
the cholinesterase method of KocIIc and by the Rasmussen silver 
impregnation method for demonstrating synaptic endings In 
another chapter of this book, Jan \Versall presents ev idcncc, based 
on clectronmicrograpliic studies, that certain endings on the hau 
cells possess features which arc characteristic of the efferent 
synapses 

The efferent vestibular fibers were di'icovcred recently, and 
there remains much to be learned atout the amiomv and the 
lunctional role ofllus system ffincc our metliocf ot'invcstigatian 
vsas unfavorable for dclcrmining the exact cells of origin of the 
circrcnt vestibular fibere, 1 would like to ask Dr Brod."!! if his retro- 
grade cyion reaction mctfiod would l>e more cfiicacious, or if his 
recent studies presented here today have shed any light on this 
question 

Dr. Brodal: Wc have thought of mapping the origin of the 
efferent fil)crs, although it vsould not be c.isv to iranscti the ves- 
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tibular ncr\e in neubom animals, uhicli I suppose would lia\c 
to be used in order to get cicarcut changes m the nerve cells of 
the vestibular nuclei 

In reference to tJie question r^arding the origin of the efrenrnt 
vestibular fibers I ma> perhaps mention that when we (Pon/nano 
and Brodal 7Pj 7) transected the spinal cord at high cervical levels 
and found almost all cells changed in the nucleus of Deiters, there 
was in the extreme rostral pan of the nucleus a small colon) that 
did not appear to be changed When we studied this subject, the 
existence of the efferent vestibular fibers was not known \\c were 
at that time inclined to believe that the remaining cells might be 
cells that gave off theiraxonsto the reticular formation or other 
nuclei in the lower brain stem but I think now tint this location is 
a possible origin for the efferent vestibular fibers 

Dr Joseph U Toglia, Houston, Texas I wonder if Dr Brodal 
would comment on tlie possible anatomical explanation of how 
vestibular impulses vvould flow to the opposite side of the spinal 
cord if this information IS correct I would also like to ask if he had 
anv evidence of rostral termination of vestibular fibers to the 
striatum as reported bv some French authors 

Dr Brodal Concerning the first question, there are, according 
to our findings restneted possibilities for direct transmission of im 
pulses from the vestibular nuclei to the other side of the cord \\c 
did not find anv evidence that the vestibulospiml projection 
which IS the most massiveefferenl descending vestibular pathwa), 
has anv connection to the other side of the cord However, as )OU 
mav remember from m\ presentation most of these fibers tcrmi 
nate in lamina \ III and the cells in this area are known to give 
off fibers crossing the midline of the cord So if we restrict ourselves 
to the vestibulospinal pathwav there is a possibilitv of transmission 
of impulses to the otiicr side of ific cord" Out onfv cfo<c to tfie icv cl 
w here the fibers end 

\s to the other descending vestibular fibers those from the 
medial vestibular nucleus I would like to turn tint question over to 

Dr Carpenter who has done work on this subject I would aI«o like 

to turn over to him the question concerning the ro tra! icmmiatton 
of vestibular fibers which we have not studied particiihrl) 
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ASCENDING VESTIBULAR PROJECTIONS 
AND CONJUGATE HORIZONTAL 
EYE MOVEMENTS* 

\tAtCOIMn C ARI fSTtR, M D •• 


i^LTHOUGH e\cn a cursor) rc\icu of ilic literature of the 
\cstibular ^jstem rcNcals wide discrepancies with respect to its 
anatomical organization, there arc some general points of agree- 
ment One anatomical fact, almost universal)) accepted, is that 
.isccnding sccondar> vestibular fibers entering the medial longi- 
tudinal fasciculus (abbreviated as MLF) are projected to all nuclei 
of the c\traocular muscles Because these fibers in the ML!' prob- 
ablv constitute the largest fiber system interrelating the nuclei of 
the cxiraoctibr muscles it has long been jwsiulatcd that thc> are 
concerned priinarilv VMih mechanisms of conjugate c\c movements 

While It IS well known that stimulation of the hb)nnth and 
labvTinthectom) provoke conjugate deviation of the eves, there arc 
more precise phvsiologicai studies** * indicating definite cor- 
relations between specific semicircular ducts and conjugate devia- 
tions of the c)cs m particular directions The most elegant of these 
studies IS tiiai of f luur** in vsliich the selective effects of stimulating 
the nerves from the crist.ic of individual semicircuhr ducts upon 
conjugate c)c movements were monitored b) recording tlic clcctro- 

•sijpjmnrl by Rrvircli erinu anil Il*l6}0 C-3) frimi l(i^ Inftiluir 

c)t NruTOlngif-il Diiriv-i and KIirHln«i of ihr Nalionil Initilulrs « f 11^ illli 
VIar>l«nil 

**IVp.,nm^nt of Vnalomy <«llr,{r of Itvician* ■»nd SufE”>ni (xjltiml n I ni 
Nr>. \uti. No. \ofk 
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myographic activity in separate evtraocular muscles This m\ esti- 
gation demonstrated that stimulation of the ner\e from the hori- 
zontal canal produced conjugate horizontal deviation of the eyes 
to the opposite side twth electromyographic actuation of the 
appropriate medial and lateral recti muscles and reciprocal in- 
hibition in antagonistic muscles Conjugate upward eye move- 
ments elicited by stimulating the nerve from tlie anterior canal 
were associated with electromyographic activation bilaterally m 
the superior recti and inferior oblique muscles and bilateral re- 
ciprocal inhibition m the inferior recti and superior oblique 
muscles Stimulation of the nerve from the posterior canal pro- 
duced conjugate downward movement of the eyes with bilateral 
activation of the inferior recti and superior oblique muscles and 
bilateral reciprocal inhibition of the superior recti and inferior 
oblique muscles Tlie results imply that impulses from individual 
semicircular ducts ultimately must be transmitted difTeremially to 
all nuclei of the extraocular muscles, including the functional sub- 
divisions of the oculomotor nucleus Since primary vestibular 
fibers largely terminate upon specific portions of t!ie vestibular 
nuclear complex, it is presumed that paihvNays originating from 
these nuclei must convey the impulses which serve to excite and 
inhibit the motor neurons of the extraocular nuclei responsible for 
conjugate eye movements While it is known that primary vestib- 
ular fibers are distributed difTcrentially to the vestibular nuclei,^* 
the exact regions of termination of primary afferent fibers from the 
various parts of the receptor organ wjtbin the vestibular nuclei are 
not known ** 

Physiological studies of the vestibulo-ocular reflex arc,®* based 
upon artificially induced endolymphatic currents, indicated that 
r^spanses’ ret paces of cxirsoctefar enuschs obtacctcd by 
stimulating the ensta ampuilarts of individual semicircular canals 
were all abolished by transection of the MLF rostral to the ab- 
ducens nuclei Atyqsical responses of extraocular muscles to this 
type of stimulation, characterized by small amplitude contractions, 
delayed appearance of contractions, and extreme variability in 
response, remained after interruption of the MLF Virtually com- 
plete transection of the brain stem tegmentum at the level of the 
abducens nuclei which spared the MLF abolished atypical re- 
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spon«cs, though ihc ty-picil cMraocular responses still could Iw 
elicited consistent!) Ilicsc inscsiigations led to the concept that 
t>7Jica! responses probablj were mediated b> a three neuronal 
rcncK arc imoUing the pnmar\ afTcrent neurons from the par- 
ticular hb>Tinthinc receptor, neurons in the \cstibular nuclei 
projecting fibers to the nuclei of the cviraocular muscles \ia the 
MLF, and cfTcctor neurons in the cxiraocular nuclei Atj-pica! 
responses ucrc considered to tmoKc elaborate “chains of intra- 
nuncial neurons ssithm the rcucular formation” While these 
results unquestiombK indicate that the scstibuhr system everts a 
potent influence in the control of conjugate e)c moscmcnis, the> 
demonstrate that the anatomical and phj’siological mechanisms 
involved are intricate and not full) understood 
Other neural svstems also influence conjugate c)c movements 
It IS well known tliai conjugate C)C movements can be induced b) 
stimulation of areas of frontal and occipital cortex (sec reviews 
b> C rosbv and Henderson ** Crosb>**), but u is not possible to 
define full) the pa(hwa)s involved in the transmission of these 
impulses It IS of interest lint ph)siologicnl studies” indicate 
that bilateral destruction of the vestibular nuclei abolishes nl! 
conjugate horizontal e)c movements m response to cortical stimu- 
htion Under these conditions conical stimulation rcponedlj 
prxxluccs onl) bilateral vertical deviation of the c)es Tliesc find- 
ings suggest lint the vestibular nuclei ma) serve ns a rcla) station 
for conjugate lionzontal e>e movemems m response to cortical 
stimuli but arc not ncccssanlv involved in similar pathwa)s with 
respect lo conjugaic vertical c)c movements Nevertheless, the 
anatomical basis of these responses remains obscure, since studies 
of descending vestibular afTcrent fibers*' *’ indicate lint no direct 
fillers to ilie vcsuinilar nuclei originate from the cerebral cortex, 
corpus striatum svipciaor colliculus nucleus of the posterior com- 
missure, nucleus of Darkscheswiischor the jicriaqucductal gra) Tlie 
onl) known descending paihvvn) to the vestibular nuclei consists 
of fibers onginaung from the interstitial nucleus of Gajal, coursing 
in the \II.r and terminating in restricted dorsal and caudal 
regions of the medial vestibular nucleus ” 

rurthcr it is also known that electrical stimulation of middle 
regions of the ccrrlicllar vermis ” " ** ** or of the interior of the 
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cerebellum®” may produce conjugate horizontal eye movements 
directed to the side stimulatwi Even though these physiological 
data are clear and particular parts of the cerebellum have a large 
projection to the vestibular nuclei,*® * ** correlation of physi- 

ological and anatomical data is extremely difficult 

Clinically, lesions of the medial longitudinal fasciculus rostral to 
the abducens nuclei are described as producing specific disturb- 
ances of conjugate horizontal eye movements known as inter- 
nuclear ophthalmoplegia This condition, often referred to as the 
syndrome of the MLF, has been arbitrarily divided into anterioi 
and posterior types ** The salient features of the anterior type of 
internuclear ophthalmoplegia are 1) paresis or paralysis of ocular 
adduction on attempted lateral gaze, but with preservation of 
ocular convergence, and 2) horizontal nystagmus, either more pro- 
nounced or exclusively present, in the abducting eye The posterior 
type of internuclear ophthalmoplegia described as characterized by 
weakness of ocular abduction, presumably is assoaated with lesions 
of the MLF in the immediate vicinity of the abducens nuclei 
Clinically it has been practically impossible to distinguish this 
paresis of ocular abduction from abducens nerve pals> ** Ac- 
cording to most reports,®* '* '» the anterior type of internuclear 
opthalmoplegia is usually bilateral Multiple sclerosis is considered 
the most common cause of the provocative lesion, though vascular 
lesions** and other causes have been reported ** ** '* ** ** The 
first case of bilateral anterior internuclear ophthalmoplegia with 
autopsy findings was reported by Spiller •* In a review of this 
subject in 1950, Cogan, Kubik, and Smith'* stated that this was the 
only case of bilateral syndrome m man in which postmortem ex- 
amination had been made Subsequently two additional cases 
Simulating the bilateral syndrome have been reported,'® but in- 
volvement of portions of the oculomotor nuclear complex would 
seem to exclude them m a stnet interpretation of this entity 
A review of tlie literature concerning unilateral internuclear 
ophthalmoplegia has revealed only three cases'* ** '* confirmed b> 
pathological study In these patients paresis of ocular adduction 
occurred ipsilateral to lesions in the medial longitudinal fasciculus 
rostral to the abducens nucleus The fact that additional lesions 
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spends, tijough the i\pical c\traocuiar responses stjll could be 
elicited con<sistcntl> Tlicsc imcsiigaiions led to the concept that 
t>pical rcspon<«5 probab!> were mediated b> a three neuronal 
reflex arc in\oI\ing the pnmarj aflerent neurons from the par* 
ticular labjnnthine receptor, neurons in the icstibular nuclei 
projecting fibers to the nuclei of the cxtraocular muscles Ma the 
MLF, and effector neurons in the cxtraocular nuclei Atipical 
rcspon<:cs were considered to involve elaborate “chains of intra- 
nuncial neurons within the reticular formation" ^S^htle ihe<c 
results unqucstionabl) indicate that the vestibular s)stcm exerts a 
potent influence in the control of conjugate eje movements, thc> 
demonstrate that the anatomical and ph^'siological mechanisms 
involved are intricate and not full^ understood 

Other neural S) stems also influence conjugate c>c movements 
It is well known that conjugate C)C movements can be induced b) 
stimulation of areas of fronnl and occipital cortex (sec reviews 
b> Crosb) and Henderson *' Crosl>>**), but U is not possible to 
define full> the pailiwa>s involved in the transmission of these 
impulses It IS of interest that physiological studies** *‘ indicate 
that bihicrnl destruction of the vestibular nuclei abolishes all 
conjugate horizontal eve movements in response to cortical siinui* 
lation Under diese conditions cortical stimulation reportedly 
produces only bihicral vertical deviation of the eyes Tliese find* 
mgs suggest that the vestibular nuclei may sene as a relay station 
for conjugate honzontal eye movements m response to cortical 
sumuh but arc not neccs<anly involved m similar pathways with 
respect to conjugate vertical eye movements Xe\ crthcless, the 
anatomical basis of theve responses remains obscure, since studies 
of descending vestibular afferent fibers** •* indicate that no direct 
fif>crs to the vestibular nuclei originate from the cerebral cortex, 
corjms striatum, superior colliculus, nucleus of the posienor com* 
missurc, nucleus of Darkschcswatschorthcpcnaqueductal gray 'Hie 
only known descending pathway to the vestibular nuclei consists 
of fibers originating from the interstitial nucleus of Cajal, coursing 
m the MLF, and terminating in restneted dorsal and caudal 
regions of t! c ircdial vestibular nucleus ** 

Funher. it is also known that electrical stimulation of middle 
regions of the cerclacllar vermis,** ** *’ '* or of the interior of the 
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cerebellum** ** may produce conjugate horizontal eye movements 
directed to the side stimulated Even though these physiological 
data are clear and particular parts of the cerebellum have a large 
projection to the vestibular nuclei,** * ** *» correlation of physi- 
ological and anatomical data is extremely difficult 

Clinically, lesions of the medial longitudinal fasciculus rostral to 
the abducens nuclei are descnbed as producing specific disturb- 
ances of conjugate horizontal eye movements known as inter- 
nuclear ophthalmoplegia This condition, often referred to as the 
syndrome of the MLF, has been arbitrarily divided into anterioi 
and posterior types ** The salient features of the anterior type of 
mtemuclear ophthalmoplegia are 1) paresis or paralysis of ocular 
adduction on attempted lateral gaze, bur with preservation of 
ocular convergence, and 2) honzontal nystagmus, either more pro- 
nounced or exclusively present, in the abducting eye The posterior 
type of mtemuclear ophthalmoplegia descnbed as characterized by 
weakness of ocular abduction, presumably is associated with lesions 
of the MLF in the immediate vicinity of the abducens nuclei 
Clinically it has been practically impossible to distinguish this 
paresis of ocular abduction from abducens nerve palsy ** ** ** Ac- 
cording to most reports,** '* ** the anterior type of mtemuclear 
opthalmoplegia is usually bilateral Multiple sclerosis is considered 
the most common cause of the provocative lesion, though vascular 
lesions*' and other causes have been reported ** ** ** *• The 
first case of bilateral anterior mtemuclear ophthalmoplegia with 
autopsy findings was reported by Spillcr *® In a review of this 
subject m 1950, Cogan, Kubik, and Smith** stated that this was the 
only case of bilateral syndrome m man m which postmortem ex- 
amination had been made Subsequently two additional cases 
simulating the bilateral syndrome have been reported,** but in- 
volvement of portions of the oculomotor nuclear complex would 
seem to exclude them in a stnet interpretation of this entity 

A review of the literature concerning unilateral internudear 
oplithalmoplegia has revealed only three cases** ®* " confirmed by 
pathological study In these patients paresis of ocular adduction 
occurred ipsilateral to lesions m the medial longitudinal fasciculus 
rostral to the abducens nucleus The fact that additional lesions 
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m\oI\cd other brain stem structures vvould appear to compronnv 
the \ aluc of specific conclusions in some eases 

Experimental studies in the cat** and in the monkc>' * ** indi- 
cate that unilateral lesions of the MEF produce a sclcctne paresis 
of ipsilatcral ocular adduction on attempted conjui?atc lateral R<i7e. 
Previous interest in this syndrome has centered largely around the 
location of the provocative lesion and a few attempts have been 
made to study resulting fiber degeneration \reccntvtud>'*of dis- 
crete lesions in the MLF of the cat, based upon silver staining tech- 
niques. lias suggested a relationship between the so-called s> ndromc 
of the MLF and paralysis of lateral ga7e 

Problems presented by an inadequate understanding of the func- 
tional role of the medial longitudinal f.iscicultis m conjugate 
hori7om<il eve movements appear to be in large part anatomical 
I he objctt of the current investigation was to study the phvsio- 
logical effects and anatomical degenerations in the monkey result- 
ing from discrete lesions in the medial longitudinal fasciculus .itui 
the nbducens nucleus It vvas hoped that this study might provide 
information concerning the anatomical organi7ation of the MLF 
.and yicrimeiu yihysiological correlations with respect to conjugate 
honrontal eve movements 

MATERIAL AND METHODS 
Tbiny-hve rhesus monkevs were used in this suidy In these 
animals attempts were made to produce discrete stereotaxic lesions 
m 1) the MI r ne.ir both the abducens and trochlear nuclei, and 
2) the alxluccns nucleus Physiological observations and neuro- 
logical examinations were made posioperativcly at frequent 
intervals and animals with noteworthy phvsiological disturbancts 
were photographed on several occasions Attempts were imdc to 
stimulate the l.iby nnths caloncally in most of these animals At il e 
conclusion of the observation jwnods ranging from 6 to 40 divs, 
animals were anesthetized and pcrfuscti via ilie left ventricle of 
the heart with 500 ml of normal isotonic saline and 500 ml of 
10 per cent neutral formalin Brains and spiml cords were removed 
in toto in each animal and further fixed in 10 y)cr cent neutral 
formalin Ilic brains and selected spiml segments of most animals 
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were cut serially at 2Sii on a freezing microtome Multiple sections 
through the area of the lesions ^^c^e stained uith cresyl \ioIet and 
b> the Weil technique to facilitate determination of the location, 
disposition, and extent of the lesions Representatn e sections from 
all levels of the brain stem and various spinal segments were 
stained according to the Laidlaw modification of the Nauta and 
G)gax<* technique 

In some animals portions of the brain stem containing the lesions 
were embedded m paraffin, cut serially at 15/i and stained with 
cresy 1 violet, or by the Weil technique 

OBSERVATIONS 

Lesions of the Medial Loagitudinal Fasciculus 

In 25 monkeys ** attempts were made to produce discrete stereo* 
taxic lesions m the MLF near both the afaducens and the trochlear 
nuclei without destroying portions of these nuclei Lesions pro* 
duced in the MLF near the abducens nuclei were both bilateral 
and unilateral Because of the greater separation of these fiber 
bundles at caudal mesencephalic levels, all attempts to interrupt 
the fibers of the MLF near the trochlear nucleus were unilateral 
Bilateral Lesions of the MLF near the Abducens Nuclei Small 
well localized lesions in the medial longitudinal fasciculi at the 
level of the abducens nuclei were produced in three monkey's 
Although these lesions were similar m location, they were not 
identical m size or shape The lesions in two animals (G-617 and 
C-629) appeared somewhat “V” shaped and destroyed the most 
dorsal parts of the MLF bilaterally In the third animal (C-618) a 
small vertical, slit-like lesion located in the median raphe between 
the abducens nuclei destroyed only the most medial fibers of the 
MLF bilaterally All of these lesions interrupted decussating fibers 
of the efferent cochlear bundle** bilaterally, but no parts of the ab- 
ducens nuclei or facial nerves were destroyed 

Although tlie lesions m these animals were similar, disturbances 
of conjugate horizontal eye mo\cments were not the same The 
small lesion m rliesus C-618, destroying only the medial fibers of 
the MLF, produced a bilateral paresis of ocular adduction on 
attempted lateral gaze to either side Dunng attempted left lateral 
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garc, the left e>c abducted ucll, but the right c>c rcinuned in a 
straight ahead neutral position Monocular honronial njstagmus 
of small amplitude \%as seen m the alnlucting e>c On attempted 
right lateral gare the right eje abducted, but the left C)C did not 
adduct In this situation monocular njstagmus uas seen in the 
abducting right c>e Cjc movements in a vertical phne appeared 
normal It was noted that the animal infrcqucntlj gazed to the 
right or left, and that ocular convergence was preserved No 
attenuation of the bilateral paresis of ocular adduction was ob- 
served during a 35-da> postoperative period Monocular horizontal 
nystagmus in the abducting c^c on attempted lateral gaze to either 
the right or the left persisted approximatclj three weeks and then 
disappeared 

Tile larger bilateral lesions of the MLP near the abducens nucleus 
produced more extensive disturbances of conjugate gaze The 
animals (C-617 and C^629) appeared to have nearly complete, 
bilateral paresis of conjugate liorizontal gaze The eyes were 
directed straight ahead and no lateral movement of the eyes was 
seen Eye movements in a vertical plane were norma! and frequent 
Convergence was preserved, but no nystagmus was seen In one 
of these animals {C-617) virtually no lateral movements of the 
eyes to either side were seen during a 19-day observation period In 
the otlier animal (C-629) weakness of both ocular adduction and 
abduction was present, but the weakness of ocular adduction 
seemed most marked No nystagmus of any kind could lx: detected 

> 

Tiq 1 I PholograpH of rhesws C 618 ihai rxtubited bilateral paresis of ocuhr 
adducijon on aitempted JateraJ gaxe lo ruber side Monocular n>ata?mus was 
seen in the abducting e>e on aitempted lateral gaze Paresis of nghi ocular 
adduction IS shown here D Photomicrograph of the provociiivc lesion m rhesus 
C6}S Onli aV .TiKyr vwod*?.’ .tftsg’A'A'dwjJ iascjr.y.b wr/r 

destroved Weil \ 6 C Photograph of rhesus 0-617 showing rcptitian stare 
characteristic of this animal following the lesion shown in D Although this 
animal had nearl> complete bilaicral paresis of lateral gare verticil movement 
of the e>es was unimpaired D nioiomicrograpb of lesion in the medial longi 
ludinal fas iculi m rhesus C 617 Weil \ 9 / Photograph of rhesus C-629 that 
exhibited combined bilateral paresis of ocular adduction and abduction Vcrucal 
eve movements apjieired normal F Wioiomicrograph of lesion m the medul 
fongitudmal fas-iculi in rhesus C-629 Well V6 
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Preterminal degeneration resulting from these bilateral lesions of 
the MLr was studied m selected sections of the brain stem and 
spinal cord in two animals (C-617 and C-6I8), onJv representatne 
sections of the midbrain, dicnccphalon, and spinal cord in the 
third animal \sere stained b> this method Fiber degeneration seen 
m these animals %sas quahtatuel> similar and can be presentetJ in a 
synthetic descnption 

Bilateral degeneration m the abducens nuclei uas profuse in 
rliesus C-617 and some fibers arborized about cells, particular!) in 
ilie \eniromedial parts of the nuclei Less profuse degeneration uas 
seen in the abducens nuclei in rhesus C-618 No fiben of the ab- 
ducens or facial ncr\es were degenerated on cither side Crossed 
fibers of the cfTcrent cochlear bundle %\crc degenerated bilatcrall) 
and could be followed into the \cstibu!ar nerve root Although 
relativel) modest degeneration was seen in the reticular fornniion 
ventrolateral to the MLF bilateral degeneration was found in the 
vestibular nuclei This degeneration was seen m the rostral and 
medial portions of the medial vestibular nuclei, in Dciicrs' nuclei, 
and in tlie rostral portions of the inferior vestibular nuclei Hlicr 
degeneration in tlic infenor vestibular nuclei was greatest on the 
right side 

\scending degeneration resulting from ihc«e lesions was con- 
fined to the MLF except for modest bilateral degeneration in the 
lateral lemniscus in rlicsus C-618 In the medial longitudinal 
fasciculi degenerated fibers were concentrated rnedtall) At upper 
pontine levels where the configuration of the MLF changes, no 
degenerated fibers were seen in the lateral wing-hke processes 

> 

Fig 2 ^ Rhfsus C-618 Phoioroicrograph of bilateral aKending degeneration 
in the most medial paru of the medial longitudinal fasciculi lateral portion* 
of these bundle* »* ere tiriualJ) frreof degmeraiion 2sauia-Gvgax X 30 PfC, 
and D Photomicrograph* of preiermmaf degeneration m the ocufomotor nuclear 
complex in rhesus C-618 B shows preternimal degenennwn disinbuted ddfrr 
entiallv and approximaielv rqualh in the ventral nuclei cell groups S'hich m 
nerv-ate the m^ial recti muscles C i* a higher magnification of degeneranon tn 
the veniral nuclei D diow* the distribution of degenerated fiber* about cell* in the 
ventral nucleus Nauia-Cvgav X 30, \ 80 \ 180 E and F Rhesji C-617 
Photomicrographs i f preierminal degenerauon in the alxJuten* and trochlear 
nuclei Nauia Gvgax. \ lEO X 120 
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Abundant pretermmaf degeneration entered the trochlear nuclei 
bilatcrallj, the amount of degeneration in ihc<!c nuclei \\a% def- 
initel> greatest m rhesus C-6I7 Fiber degeneration in the oculo- 
motor nuclear complex m these three animals uas quantitative!) 
different, but similar m distribution ^o degeneration was seen in 
the caudal central nucleus or the midhne visceral nuclei, and onl> 
scant degeneration was present in the rostral pole of tlie nuclear 
complex In rhesus C-617 degeneration was present bilaterall) in 
tlie lateral somatic cell columns but wav most profuse m tlic ventral 
nucleus Degeneration in the dorsal nuclei was less intense and 
scattered along the internal borders of the MLF I iber degeneration 
in rhesus C-618 was somewhat scatteretl bihtcrallv in the caudal 
third of the nucleus but in the middle and rostral thirds of tlie 
complex a distinctl) differential pattern of distribution w as cv idem 
Profuse prctcrmmal degeneration wav confined hrgcl) to the 
ventral nucleus in a manner that clcarh outlined the boundanev of 
this cell column Oculomotor degeneration in the third animat 
(C-629) was sinhingl) similar to that in rhesus C-618, but wav !e« 
abundant presumabtv because this animal was sacrificed after a 
short survival period The studies of WarvMck'* Iiavc shown that 
the cells of the ventral nucleus of the oculomotor complex give rise 
to uncrossed fibers that innervate the medial rectus muscle 

Good qualit) prctcrmmal degeneration was seen bilatemll) stir- 
rounding cells of the interstitial nuclei of Cajal, the nuclei of the 
posterior commissure and m the vacinitv of (he nuclei of Dark- 
schew itsch ** The greatest concentration of degeneration surrounded 
cells of the interstitial nucleus of Cajal, ascending degeneration 
passing rosirall) to diencephalic structures projected from the 
region of this nucleus 

In rhesus C-629 serial sections of the pons and medulla were 
sfainerl with crests! violet in order to sjudv celhihr changes in the 
vestibular and abducens nuclei Tlus animal vs as sacrificed on the 
eighth postoperative daj Examination of the alxlucens nuclei 
disclosed a few topical retrograde cellular changes, charartenred b> 
dissolution of Niss! sutstance, eccentric nuclei, .and distortion of 
cell membranes among large cells in the rostra! portions of the 
nuclei \ moderate number of atjqncal cells were seen, 
vscrc not considered to represent the classic features 
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interruption In the \estibular nuclei a moderate number of 
typical retrograde cell changes \%ere found bilaterall> m portions of 
the medial and inferior \ estibular nuclei Altered cells in the medial 
vestibular nuclei, \\hile modest in number, were found mostly 
along the lateral borders of the nuclei rostrally A fe\\ scattered 
retrograde cell changes were seen in more medial areas of the 
nuclei, but only in rostral regions Relatively more numerous 
retrograde cell changes were found in the rostral third of the in- 
ferior vestibular nuclei Cell changes appeared to affect small and 
medium-sized cells rather than the larger cells found in this part 
of the nucleus Altered cells presented the classic ballooned appear- 
ance, milky homogenous cynoplasm, distorted penkarya, and 
eccentric nuclei Cells in the caudal portions of the medial and 
inferior vestibular nuclei appeared normal Occasional cells along 
the ventral border of tlie lateral vestibular nuclei appeared ques- 
tionably altered Cells m the superior vestibular nuclei were 
normal 

Unxlaleral iesions of the MLF near the Abducens Nucleus 
In tuo animals lesions destroyed portions of the right MLF near 
the abducens nucleus The lesion m one animal {C-633) destroyed 
a small dorsal part of the MLF rostral to the abducens nucleus, 
while the lesion m the other animal (C-639) destroyed roughly the 
dorsal half of the MLF medial to the abducens nucleus The latter 
lesion encroached slightly upon the ventromedial part of the sixth 
nucleus Upon recovery from anesthesia it was noted that both 
animals showed preferential gaze to the left Examination m a 
restraining chair disclosed that rhesus C-639 had a bilateral paresis 
of ocular adduction on attempted lateral gaze, but that the paresis 
of ocular adduction was greatest on the left No nystagmus was 
seen Deffnitc paresis of ocufar aefefuefton couiW noC be deman- 
strated m the other animal 

In the animal (C-633) with the unilateral MLF lesion rostral to 
the abducens nucleus degenerated fibers were seen in both sixth 
nuclei, contralateral degeneration was most extensive Rostral 
to the abducens nuclei degeneration was confined to the MLF 
Although a few degenerated fibers vverc noted to cross to the left 
MLF, most of the ascending d^cneralion was ipsilateral and 
localized in the lateral portions of the bundle, including the wing- 
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like process On ilicJcft ascending dcgencntcf] fibers in the AIM 
\%erc sparse IVoruce prctcrmiml degeneration uns found in iIk 
right trochlear nucleus while that on the left was scant Hc- 
gcncratcd fibers projecting into the oculomotor nuclear complc\ 
were limited to the right lateral somatic cell columns and seemed 
fairl> c\cnl> distributed among diflcrcnt cell groups Degeneration 
was greatest in caudal portions of the nucleus and gradualK ditnin. 
ished in amount at succcssncl) rostral let els No degeneration was 
seen in the caudal central nucleus or in the midhiu. \ isccral micli i 
In rhesus C -630 only sections of the mitlbram, dicnccphalon, and 
spinal cord were stained b\ the i\auta-Gygn\ technique In this 
case degeneration witlun tht oculomotor nuclear compltv was 
distributed dilTcrenti ilU Degeneration was well loc.ihrcd to the 
\entral nuclei bilatcrnlls and to small portions of tlic dor< il nucleus 
adjacent to the MI I \Sliile degeneration m thtsc locations w is 
not profuse the pattern of selective distribution was sjmthr to tint 
prcviouslv described in rhesus C-618 cveept tint slightly more 
degeneration wis found ipsiJatcraJ to the lesion 

Ascemhng degeneration projecting to the intcrstiti i! nucleus of 
Cajal the nuclei of the posterior commissure, and imo the region 
of the nucleus of Darkschewitsch was seen on the right in rhesus 
C -633 and bilaterally in rhesus C -639 
ben il jNissl stained sctiions of tht pons and medulla prepared in 
these animals were used to study cclluhr changes m the ahducens 
nuclei the vestibular nuclei and the rcticuhr formation Sig- 
nificant cell chingcs vscrc found only in rhesus C-639 Although 
tlic unilateral MLI lesion in rhesus C-639 destroyed a small ventro- 



Fit; V 4 Rlirsiis C 639 niotomicro^npli «f a unilalcril Irsirin in die riclil 
incdnl longiiiidinal TaKicuIuf near ihc aliduccns nucleus >\liicli prtKiiicrd a 
bilateral paresis of ocular adduction on lateral Ra*e lo eiiher side \ sman>cntn>- 

inedial pari of the ruhi abducens nucleus was destroNed also Weil \f It laiw 

jxjwer phoiomicrociraph showing reiroi'rade cell chances in the rostral p irt of die 
inferior sestibulir nucleus and in ventromedial jioruons of Deiiers nucleus Tliese 
cell changes sserc i}>silateral to ll»e lesion shossn in A Ni«l \ 80 C and /) 
Reirogradc cell changes in the rostral |>art of die ipsifaicral mfcrior vestfftuJar 
nucleus produced b\ the lesion seen in A Nis«l \ 200 F and/ RliesusC^63) 
Tspical chromaUil>tic cell changes seen in the literal pari of the iirsiIai-Tal and 
contralateral medial vcsiibulir nuclei NimI \ 2(.*'3 \ 400 
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medial part of the right abducens nucleus, a moderate number of 
typical retrograde cell changes ^^erc found bilaterally along the 
lateral borders of the nuclei In rhesus C-639 definite retrograde 
cell changes uerc found in specific portionsof the \cstibular nuclear 
complev The most impressne cell change^ were ob<er\cd bi- 
laterally in portions of the medial, inferior, and lateral \estibular 
nuclei These retrograde cell changes were similar in location to 
those described in rhesus C-629 but were more numerous In the 
medial vestibular nucleus altered cells were found largely along 
the lateral borders rostrally near the level of the vestibular root 
Chromatolytic cells were not entirely limited to lateral portions of 
the nuclei Wliile large and incdmm-sizctl cells ucrc afTcctcd 
primarily some altered smaller cells were seen also The number of 
cells undergoing acme chromatolys s seemed sliglulv greater on the 
left side 

The largest number of retrograde cell changes were seen m the 
rostral portions of the inferior vestibular nuclei In most sections 
through this region chromatolytic cell changes njipcarcd most 
numerous on tlie side of the lesion These cell alterations were 
particularly prominent m the small part of flic inferior vestibular 
nucleus that lies ventral to the lateral vestibular nucleus Small and 
medium sired cells were afTcctetl primarily, scattered large tells 
in this region were preserved Ccllsof the 1 ucr.al vestibular nuclei 
were normal in appearance except for a few large cells .ilong the 
ventral and mcdnl bordersofthc nuclei 

examination of the brain stem reticular formation m rhesus 
C-639 revealed a large numlwr of retrograde ccll^cliangcs dis- 
tributed in a specific manner In the nucleus reticularis pontis 
oralis rostral to the lesion in the right MLF, a considerable number 
of retrograde cell cliaugcs were seen on the right side Similar but 
less numerous cell changes were seen ipsilaierally in the nucleus 
reticularis poniis caudahs A few retrograde cell cliangcs were seen 
bilaterally in the nucleus rciiculans gigantocclhilans The pattern 
of distribution of these altered cells in the reticular fonnation 
resembles iliat reported by Torvik .and UroJal’* in their study of 
the origins of reticulospinal fillers in the cat The fact that descen J- 
ing dcgcncraiion in the spinal cord was funned (o tlic sulcomarginal 
area on the right side suggested that a considerable miinlicr of 
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reticulospinal fibers must descend along with vestibular fibers in 
the MLF of the brain stem 

Unxlateral Lesions of the MLF near the Trochlear Nucleus. 
Discrete stereotaxic lesions destroyed portions of the MLF uni- 
laterally near the trochlear nucleus m siv animals Similar lesions 
in four animals destroyed fibers in the medial part of the right 
MLF caudal to the trochlear nucleus The lesions in three animals 
(C-624, C-626 and C--627) began in the MLF immediate!) caudal 
to the trochlear nucleus and terminated rostrally without destroy- 
ing any part of the trochlear or oculomotor nuclei or the root 
fibers from these nuclei Fibers in the lateral umg-hke process of 
the MLF were not injured by these lesions A trial electrode place- 
ment in one animal (C-634) damaged some of the decussating 
fibers of the trochlear net\e 

The lesion in rhesus C-615, located m the central part of the 
left MLF, destroyed ventral portions of the left trochlear nucleus, 
but no part of the oculomotor compIc\ A somewhat larger lesion 
in rhesus C-652 destroyed fibers only in the lateral part of the right 
MLF and ventral portions of the trochlear nucleus, the lesion 
extended rostrally to interrupt a few root fibers of the third nerve, 
no part of the oculomotor nucleus was injured directly 

Immediately after surgery the eye contralateral to the lesion 
appeared to be slightly adducted m five animals Slight but de- 
tectable elevation of the contralateral eye was noted in four of 
these five animals These minimal disturbances in eye position were 
most evident when the animal’s gaze was directed straight ahead 
Lateral gaze to both sides appeared conjugate Rapid improv ement 
of extraocular function occurred, thougn a very mild degree of 
contralateral ocular adduction persisted Nystagmus was not seen 
in these animals A marked head tilt to the side opposite the lesion 
was noted initially in four animals, but it gradually disappeared 
during the first postoperative week 

Pretermmal degeneration studied m four ol these animals with 
lesions of the MLF was remarkably constant and can be presented 
in a single description In three animals with strictly unilateral 
lesions, abundant degeneration was seen only in the ipsilateral 
trochlear nucleus No degeneration was seen in the contralateral 
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troclilcar nucleus \sccnding degeneration was sinctlj limited to 
tlie MLF on the side of the lesion m three animals In these animals 
profuse prctcrmmal degeneration in the oculomotor nucleus uas 
distributed fairl> c\cnl> in all cell groups of the lateral somatic cell 
column on the side of the lesion Degeneration was most abundant 
in the caudal regions of the nucleus and progrcssiv el> diminished in 
more rostral areas No degeneration was seen in the contralateral 
lateral somatic cell column or in the midlinc \iscera! nuclei A 
small number of degenerated fibers were consistenilj seen in tiic 
caudal central nucleus Pretermmal degeneration from the MI.F 
passing to the interstitial nucleus of Cajal, the nuclei of the posterior 
commissure and the \icinity of thenucleusof Darkschcwitsch was 
seen onl\ on the side of the lesion No degenerated fibers \s ere o!>- 
scr\ed to cross the midhne in the posterior commissure, or in other 
locations 

In one animal (C -626) the lesion infringed upon the medial part 
of the contralateral MLf Onl> in this animal was degeneration 
seen in the contralateral trochlear and oculomotor nuclei 
generation on the side opposite the lesion was scant, while that on 
tlic lesion side was profuse and distributed as in the animals 
desenbed abo\e 

In two animals (C/-634 and C-652) with unilateral lesions of the 
MLF serial sections of the brain stem stained witli cresjl siolctsserc 
studied for esidence of retrograde cell changes N’lssl stained sec- 
tions resealed onl\ two or three unequivocal rciroitradc cell changes 
m the abducens nuclei Examination of the vestibular nuclei 
revealed verv few unquestionably chromaiolytic cells Occasional 
retrograde cell changes were noted in the ventral part of Deitcrs’ 



Ficj 4 f C and F Photomicnmraph* of uniUteral Icsior* m ihp mrdal part of 
the tncdiaJ fon^itudinal fzxicuUis ac levrJj of the trochlear niKim* {C-6ls) and 
nerve (C-626 and C-627) Well li and D Phoiomicrographi of prcicnrnnal 
deecneraiion in ihe oculomotor comples in rhesus C-615 Decrnrration was con 
fined to the lateral somatic cell columns ipsilaieral to the lesion Similar drtren»^fa 
tion in thcoculomoior comples buton the r<ehl side s%3s present unilateral to the 
Jesfoni shown in C and F Naota-C»TrM \ 3^ \ SO F PlioiomiCTo^raph rf 
preterminal degeneration closcI> sunoundini* cells of the int-rsuiial nudeui of 
Cajal in rhesus C-615 D<T;ener3t>on in this location was seen onU on the i«de of 
the lesion Nauta-Cy^is, X 560 
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nucleus and along the lateral margin of the medial vestibular 
nucleus Altered cells in these nuclei were hrgelj contmhicral 
to the lesion in the MLF 

Lesions of the Abducens Nucleus 

In ten monk.e>s” attempts were made to produce discrete lesions 
in the right abducens nucleus Lesions actiiallj destrojed portions 
of the nucleus in six monkeys In two animals (C-611 and C-612) 
almost identical lesions destroyed virtually all of the right alxlucens 
nucleus, these lesions encroached slightly upon fibers in the lateral 
part of the MLF Lesions in two other animals {C-622 and C-625) 
destroyed large portions of the abducens luiclcus, but small areas 
contained normal appearing cells Tlie lesion in rhesus C-(s22 
seemed particularly significant since fibers of the ipsihtcral MLF 
were not injured in this case In the remaining two nnnmis rela- 
tively small portions of the nghi abducens nucleus were destroyed 

Five of tliese six monkeys with lesions involving the right ab- 
ducens nucleus exhibited a paralvsis of hteral gaze to the side of 
the lesion Mthough tlic paralysis of righi lateral gaze was the 
principal finding certain small diflcrenccs were detectable in 
different animals 

In one animal (C-612) both eves were strongly and constantly 
directed to the left Five days after surgery it was noted iliai in 
brief glances the eyes miglit be directed straight ahead m conjugate 
fashion The pupils were of equal size, and reacted to light and 

> 

Fig 5 -1 C and f Phoiographj of rhesus C 61 1 C-612 and C-622 demonstrat 
ing parah SIS of conjugate horuonial gare loihc right side fol/owing discrete fesions 
in the nghi abducens nucleus forced gaze to ilie left m rhesus C-612 al"a)f 
appeared conjugate while that in rhesus C-611 wassomeiimesdiiviciaied Nciiher 
of these animals was ever seen to gaze conjugatel> to the right side Moncxnilar 
horizontaf nystagmus in the abrfucteef felt c>e was seen oni’t in rrtesus iT-df f ASitA 
animals exhibited a persistent head iilt lo ihe left In rhesus C 622 farced lateral 
gaze to the left was dtssociaied the right eve was adducted more dnn the left rye 
was abducted li D and F Phoionucrographs of the lesions m the right al>- 
ducens nucleus which produced the disturbances seen in rhe<us C-611 C-612 
and C-622 Lesions in B and D destroyed some fibers in ihe m-dul longniidinal 
fasciculus medial to the lesion Tlic Irsuin m I (C-622) did n >1 drs ro\ any part 
of the ijMilaieral \tll Weil \ 8 
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accommodation Tlie c\cs were nc\cr directed to tlic nght field of 
gaze and no dissociated c>e mo\cmcms were seen In order to 
gaze to the nght, the animal turned its head 

Four otlier animals (C.6I1, C-622, C-625 and C-638) had a 
similar paral>sis of lateral gaze to the nght but c)e mosements 
ucrc not alua\-s conjugate In mo of tfic«c animals (C-fill and C- 
622) the nght e\e was aK\a\s strongU adducted, but the left esc 
was sometimes mo\ed indepcndentU to a straight ahead neutral 
position In time the forced abduction of tlie left c>c seemed to 
dimmish but the left e\e could not be adducted No change was 
noted in the paresis of abduction in the right c\c Xeither of these 
animals w as c\ or obsen ed to gaze to the nght in conjugate fashion 
Monocular n\stagmus in the abducted left esc was seen in onl> 
one animal (C 611) \ vers small lesion in tlie nght abducens 

nucleus in rhesus C-638 produced a parahsisof ipsihteral gaze, 
similar to that described abo\e except tint it was less endunng 
One week after surgerx limited conjugate gaze to the nght was 
possible Ocular consergence was preserved in this animal Tlie 
paraKsis of conjugate gaze to the right m rhesus C-625 was some- 
what different in tliat tlie paresis of left ocuhr adduction was 
greater than the paresis of alxluction in the nght eje 7 he nght 
eve frequentU could be broiiglii into a straight ahead neutral 
position but the left eve alwass rem-uned aliductcd Tins animal 
was never seen to gaze to the nght side Caloric siiinuhtion in these 
animals on the left and nght l>oih provoked nvstagmus but no 
movements of the eves were seen into the right field of gaze 

Onlv one animal (C-62S) of this group did not exhibit a paral>-sis 
of conjugate gaze to the nght the lesion in this case involved only 
the dorsomedial part of the alxiuccns nucleus A moderate vveak- 
ncss of nght ocular abduction vvas seen for one week, and then 
disappeared 

Prctcrmmal degeneration resulting from these lesions m the 
abducens nucleus v%as studied in rcpreseniaiive sections of the 
brain stem in four animals In another animal (C*622) on!> sec- 
tions of the brain stem rostral to llic pons and seicctetl spiml sec- 
tions were stained bv this mcdiod 

Fiber degeneration resulting from the lesions in three animals 
{C-6U C^612 and C--625) v\as essentnll) the same and can be 
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presented in a single descnption At the lc\el of the lesion degen- 
erated fibers passed 1) ventrally into the reticular formation, 2) 
laterally towards the vestibular nuclei, and 3) medially across the 
median raphd Preterminal degeneration m the pontine reticular 
formation was greatest near the midline dorsally where fibers ap 
peared to arborize about cells of various sizes In this location de- 
generation was bilateral, but more abundant on the side of the 
lesion Only a few scattered degenerated fibers were seen in the 
lateral parts of the reticular formation In the upper pontine re- 
ticular formation degeneration was scanty Small bundles of de 
generated fibers passed laterally from the lesion to enter the \es 
tabular nuclei on each side Degeneration iwthin the vestibular 
nuclear complex was greatest m the lateral and inferior vestibular 
nuclei, but did not arborize about large cells in Deitcrs’ nucleus 

On the side of the lesion almost all root fibers of the abducens 
nerve were degenerated Tlie amount of degeneration in the ipsi- 
lateral facial nerve appeared proportional to the extent of involve 
ment of the nerve by the lesion Degenerated fibers crossing the 
median raph^ entered the contralateral MLF and abducens nu 
cleus Within the left sixth nucleus preterminal degeneration was 
abundant and some fibers formed arborizing networks about mdi 
vidual neurons 

Ascending degeneration from these lesions was confined largely 
to the MLF Practically all of the degenerated fibers entermg the 
left MLF crossed to the opposite side at the level of the lesion In 
the left MLF degenerated fibers were concentrated m the most 
medial parts of the bundle, while on the nght side such fibers vvere 
scattered and tended to occupy more lateral locations in the tract 
The number of degenerated fibers m the left MLF was much 
greater than that present on the right At more rostral levels no 
degeneration was present m the lateral wmg-like process of the 
MLF on either side, and no degenerated fibers were observed to 
cross the median raphe On both sides degenerated fibers could be 
followed into the trochlear nuclei where fibers of approximately 
equal numbers were distributed fairly symmetrically Pretennmal 
degeneration reaching the oculomotor nuclear complex was bi 
lateral, but greatest on the left side No degeneration was seen m 
the caudal central nucleus or m the midline visceral nuclei Tn the 
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lateral somatic cell columns degeneration was scattered in all parts, 
but localized areas of more intense degeneration were noted in tlic 
ventral and dorsal nuclei Tlic amount of degeneration in the 
ventral nucleus on the left side seemed greater than that in the 
same nucleus on the right According to Warwick,” cells of the 
ventral nucleus pros ide uncrossed fibers which innervate iJic medial 
rectus muscle, while cells of the dorsal nucleus dircctl) innervate 
the inferior rectus muscle Bilateral degeneration v»as sct/i pissint^ 
to the interstitial nucleus of Cajal, the nuclei of the posterior com- 
missure, and the region of the nucleus of Dirkschew itsch 

Preterminal degeneration resulting from the lesion in rliesus 
C-622 seemed particular!) significant because m this case the Icmoii 
of the abducens nucleus did not dcsiro) fibers of the ipsilatcral 
MLF While ascending degeneration in the MLF was bilateral, it 
was much greater on the side opposite liic lesion Degenerated 
fibers entered tlic left MLF onl> at tlic lev cl of tlic abducens nucleus 
and areas sUghtl> rostral to it Crossing fibers were not seen at 
higher levels Rostral to the sixth nuclei, degenerated fibers in the 
left MLF were localized to the most medial part of the bundle, 
while relaiiv el) modest degeneration on the nglii side was scattered 
Degeneration reaclung the trochlear nuclei was approximate!) 
three times greater on the left side Degenerated fibers in the 
oculomotor nucleus showed a difiercniial distribution In the 
caudal third of the oculomotor complex preterminal dcgcncraiion 
appeared scattered m the lateral somatic cell columns, hut more 
degeneration was seen on the left side In the middle and rostnl 
thirds of the nuclear complex profuse fiber degenerdtion was 


> 

Fig 6 A Photomicrograph of ascending degeneration in tlic medial longitudinal 

foKicuh in rhesus C 612 More abundant degeneration on the left side, contra 
lateral to the lesion ocaipied a medial position while ijisilaieral degeneration 
was more lateral and scattered Nauta*n>gax, \ 25 H and CRhcsui C-622 
Photomicrographs demonsiraung ditTercniial pretenmnal degeneration in the 
ventral nuclei of the Oculomotor nuclear comples NSliile degeneration m these 
nuclei was bilateral more degeneraiton was seen on the Jefi side (rontraltleral W 
the lesion) Nauu G>-gax \53 X75 D andT Rhesus C 622 Photomicrographs 
of preterminal degeneration in the left oculomolor {\entral nucleus) and trochlear 
nuclei Nauta-Gjgas \ 500 X 160 I- Photomicrograph of preterminal de- 
generation in the left aWucens nucleus m rhesus C-612 Nauta-Gjgax \ 160 
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present m the \cntral nucleus on the left, "liilc rclativclj modest 
degeneration was seen in this nucleus oil the nciht side Other 
portions of the oculomotor nuclear complete "ere Mrtuall) free of 
degeneration 

In the onl> animal (C-628) with a lesion of the abducens nucleus 
that failed to develop a paralysis of ipsilatcral horironnl gaze, the 
pattern of distribution of degeneration was quite dilTcrent \sccnd- 
mg degeneration in this animal was found almost c\clusi\el> in the 
right MLF This degeneration was distributed to the ipsilatcral 
trochlear and oculomotor nucleus In li'o oculomotor nucleus 
degeneration was most concentrated in the dorsal and ventral 
nuclei in the right somatic cell columns 

Serial sections of the pons and mcdulh tn two animals (C-(j22 
and C-638) with lesions of the abducens puclci were sttidietl for 
evvdeu.ee of cellu.la.t cl\aug,e% Ixt^vous. \u dicsr. auunals dui iw. 
destro> fibers of the ipsilatcral MLF Th^fc appeared to be a 
moderate increase in the glial nuclei in the left abducens nuclei in 
these animals, but no unequivoril retrograde cell changes were 
noted \ moderate number of ivpic il rctroSr*adc cell changes were 
seen along the lateral border of the mcdi.al 'cstibular nuclei hi* 
laterally, tliough sucli cells were most numerous ipsilatcral to the 
lesion Cells m the rostral portions of the inferior vestibular nuclei 
also were undergoing acute chromatol>**e changes Hiitirelj 
t>pical retrograde cell changes were seen tnaml> in small and 
medium sized cells \ few unqucsiionctl retrograde cell clianges 
were seen in Deitcrs nucleus on the side of the lesion but these were 
not found in the same locations m dilTircn' sections through the 
nucleus 


DISCUSSION 

\Mulc It appears well established clin'callv** *' '* “ and 
c\pcnmcntall>” * » that lesions of the medial longtludiinl 
fasciculus produce distuibanccs of conjugate horizontal c)c riune- 
ments relativ e!) few anatomical studies of tins ndromc h w c lieen 
made In the small number of clinical cases bf this s\ ndromc which 
have come to autopsv, concomitant or sccondarv le<ioas in other 
parts of the brain stem frequenti) have rendered tliein in ippropri- 
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ate for detailed anatomical study In none of these cases uere 
attempts made to study resulting degeneration by anatomical 
methods other than the Weigert technique or its equivalent In 
experimental studies” ** where observations of eye movements 
were made, degeneration was studied by the Marchi technique 
The best studies of the MLF with respect to disturbances of con- 
jugate eye movements were done in the monkey,* * but no 
attempts were made to study resulting degeneration 

Even though numerous studies of the composition of the medial 
longitudinal fasciculus have been made in man and animals, wide 
discrepancies exist concerning the origins, courses and termina- 
tions of Its constituent fibers With respect to ascending fibers, it 
appears accepted that secondary vestibular fibers, which largely 
enter the bundle in the region of the abducens nucleus, constitute 
the largest single component Broda! and Pompeiano' indicate 
that ascending vestibular projections, contained largely m the 
MLF, are diffusely organized and derived from all four vestibular 
nuclei, the interstitial nucleus of (he vestibular nerve, and cell 
group X * Other evidence** ** su^sts that more specific arrange 
ments may exist between components of the vestibular nuclear 
complex and the nuclei of the exiraocular muscles, including sub- 
divisions of the oculomotor nucleus Most authors” ** “ * 

agree that the superior vestibular nucleus gives rise to only un- 
crossed ascending fibers in the MLF While the lateral vestibular 
nucleus gives nse to both ascending and descending fibers, only 
ascending fibers from this nucleus appear to enter the MLF * ” 
Both ascending and descending fibers in the MLF appear to 
originate from the medial vestibular nucleus,” »s » S4 # these 
fibers appear to be both crossed and uncrossed While specific 
portions of the inferior vestibular nucleus project a large number of 
secondary fibers to particular parts of the cerebellum,^ " informa- 
tion concerning the course of other fibers originating from this 
nucleus is conflicting Some authors’* •* reported that ascend- 
ing fibers from this nucleus enter the contralateral MLF, while van 
Beusekom* found such fibers to be homolateral Gray,** Buchanan* 
and Carpenter’®* failed to find ascending fibers in the MLF 

*l^ions involving the inferior vestibular nucleus m this study did not destroy the 
most rostral and dorsal parts of tbe nticlms 
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following lesions m this nucleus Most of the other consmuenu of 
the MLr appear to be nom estibular and descending ** 

Data derived from the current stud> indicate that lesions dcstro>. 
ing fibers of the MLF at the level of the abducens nuclei produce 
specific disturbances of conjugate horizontal c>c movements Bi- 
lateral selective destruction of the most mediall) siiuttcd fibers of 
the MLF at this level appears sufficient to produce bilateral paresis 
of ocular adduction on attempted lateral gaze and monocular 
horizontal njstagmus in the abducting c>c Tlie paresis of ocular 
adduction persisted without change, but the monocular n>stagmus 
tended to disappear vvithin a few wcelcs Tins observation confinns 
the results obtained b) Bender and Weinstein * \scending degener- 
ation provoked b) this lesion remained in the most medial part of 
the MLF on each side and except for a moderate scattering in the 
most caudal part of the oculomotor nucleus, was distnbuted dif- 
ferentiallv vvuhin that nucleus It appeared significant tint pre- 
terminal degeneration m the oculomotor nucleus was virtual!) 
restneted to the ventnl nucleus a cell group giving nsc to un- 
crossed fibers that innervate the medial rectus muscle ’* 

Larger bilateral lesions of the MLF near the abducens nucleus 
produce a disturbance of conjugate horizontal c)c movements lint 
might be considered a combined form of anterior and posterior 
internuclear ophthalmoplegia Tliesc lesions impair botli adducting 
and abducting c>c movements without interfering with vertical 
movements and convergence Tins sjndromc results without con- 
comitant injur) to the abducens nucleus or nerve on cither side 
Preterminal degeneration resulting from such lesions is bilateral, 
and particular!) profuse in the abducens nuclei In the oculomotor 
nuclear complex degeneration is present bilaierall) in the lateral 
somatic cell columns but with the greatest concentration in tlic 
ventral nucleus 

Wb.'.lc it AS scner:sii}‘ stated** ** '* *• dial unihtcral lesions of 
the MLF produce paresis of ipsihtcral ocular adduction and mon 
ocular horizontal n)stagmus in the contralateral alxlucting e)c 
(j r , unihtcral anterior intcrnuclcaT ophthalmoplegia), data from 
this stud) raise certain questions, largclv because stncti) unilateral 
lesions of the MLF near the trochlear nucleus failed to produce the 
s)ndromc It appears cunous tliat lesions of the MLF near the 
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trochlear nucleus do not produce the same disturbances of con- 
jugate horizontal gaze that result from lesions in the MLF near 
the abducens nucleus One would expect that interruption of what 
appears to be the same fiber system at different levels would pro- 
duce the same disturbances The fact that strictly unilateral lesions 
of the MLF at the level of the abducens nucleus (C-639) may 
produce a bilateral paresis of ocular adduction suggests that fibers 
which cross in this region may be essential for the appearance of 
the syndrome Although this finding is an isolated observation in 
this study, It confirms two similar observations made in the cat’* 
in which unilateral lesions of the MLF near the abducens nucleus 
produced bilateral paresis of ocular adduction Anatomically it 
seems significant that strictly unilateral lesions of the MLF near 
the trochlear nucleus produce degeneration m the oculomotor 
nuclear complex which is entirely ipsilateral Unilateral lesions of 
the MLF near the abducens nucleus produce bilateral ascending 
degeneration in the MLF and m the oculomotor nuclear complex 
Further, unilateral lesions of the MLF in the caudal mesencepha on 
produce scant degeneration in the abducens nuclei, tvhile lesions 
in this tract at pontine levels produce abundant degeneration in 
these nuclei 

These data suggest that so-called anterior mternuclear ophthal- 
moplegia may result only from lesions in the MLF in the vicinity 
of the abducens nuclei and is probably due to interruption of 
secondary vestibular fibers projecting to both the abducens nuclei 
and to specific parts of the oculomotor nucleus On the basis of 
available evidence it would seem that a lesion producing a uni- 
lateral form of anterior mternuclear ophthalmoplegia would have 
to be so located in one MLF as to interrupt secondary vestibular 
fibers passing to specific cel! groups m both ipsilateral and contra- 
lateral parts of the oculomotor nucleus and to the contralateral 
abducens nucleus If paresis of ocular adduction does occur ipsi- 
lateral to a unilateral lesion in the MLF, it would be expected that 
degeneration in the ipsilateral ventral nucleus of the oculomotor 
nucleus would be greater than that found on the opposite side 

It IS our view that so-called antenor and posterior mternuclear 
ophthalmoplegia probably represent variations of essentially the 
same syndrome In antenor mternuclear ophthalmoplegia, paresis 
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of ocular adduction is the most prominent findinir, while weakness 
of ocular abduction is slight and manifest onl> b> monoculu 
nj-stagmus in the abducting c>c These disturbances can be cor- 
related with abundant degeneration m the \cntral nuclei of the 
oculomotor nuclear complex and moderate degeneration in the 
abducens nuclei 

In the so-called posterior intcrnuclear opluhalmoplegn, the 
weakness of ocular abduction occurs alone or. prcsiimiblj, is 
greater than the weakness of ocular adduction It is difhcult to 
understand how a posterior intcrmiclcar ophthilmoplegia could 
result from a lesion of the MLF widiout also producing an anterior 
intcrnuclear ophthalmoplegia In this studs tlicsc two sjndromes, 
in s arsing degrees hat e occurred together Tins hvpothesiswoufd 
appear to explain one of the ptirzhng features of anterior inter- 
nuclear ophthalmoplegia namcl>, the monocular horizontal 
n^'stagmus occurring in ilic opposite alxluctmg esc (See discussion 
b\ Spiegel •*) 

It IS of interest that none of the lesions m the MLF, either uni- 
lateral or bilateral or at different Icsels, produced sertical or 
rotars n>stagmus as has been reported chnicall>,‘* •* '* ** and 
experimental^ * \Uhougli the mstagmus produced b\ calonc 
stimulation of the lab>nnths in animals with lesions in the MLF 
was not alwats entirch normal or sjTnmctricaJ, there was no 
question that it could be provoked b> hbvnnihinc siimuh- 
non iNo disiurbinccs of equilibrium were seen in an> 

animals with discrete lesions m the MLF Disturbances of posture, 
seen onlv m four animals with unilateral lesions of the MI I near 
the trochlear nucleus con^ified of Jiead tilt to the side opjjosiir 
the lesion 

Data regarding the effects of discrete lesions in the alxlucens 
nucleus suggest that a definite rchtionship exists between paraUsis 
of lateral gaze and the paresis of ocular adduction occurring as a 
consequence of lesions in the ^ILF Tlie alxlucens cranial nerve 
probabl> is unique among motor cranial nerves in that it is the 
On!) cranial nerve in vshirh lesions in the nucleus and lesions in 
the peripheral nerve produce distinct!) different phenomena 
\VhiIe data presented here demonstrate that vsell localized lesions 
of the alxlucens nucleus produce enduring paraivsis of ipsilntcral 
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conjugate horizontal gaze, it is CMcIcnt that complete destruction 
of the nucleus is not required to produce this s)ncIromc Destruc- 
tion of dorsomednl portions of the abducens nucleus does not pro- 
duce the s>ndromc, \\hile destruction of \cniral portions of the 
nucleus seems critical for us appearance Lesions imohing cells of 
the eminentia teres do not produce detectable disturbances of 
conjugate e>c movements The syndrome of lateral gaze para!>sis 
IS not dependent upon concomiiani destruction of fibers in the 
ipsilaicral medial longitudinal fasciculus, as show n in rhesus C-622 
Tins thesis IS m accord with the observations of Christoff, Anderson, 
Nathanson, and Bcndcr“ and our own investigations of lesions in the 
MLF Tlic question as to vxhcihcr lesions of the reticular formation 
near the abducens nucleus tan produce paralysis of conjugate 
horizontal gaze cannot be answered from our data 

Paralysis of ipsilatcral conjugne horizontal gaze resulting from 
discrete lesions in the abducens nucleus appears enduring, but no 
long term study of this syndrome vvas made In animals with tins 
syndrome both eyes were strongly and persistently directed to the 
side opposite the lesion Attempts to gaze straight ahead were 
fleeting, infrequent and not always conjugate The fact that at- 
tempted horizontal eye inovcmcnis away from the forced field of 
gaze frequently were dissociated suggests tint the disturbances of 
eye movements were not of the same degree on each side Tins 
miglu imply tint multiple neural mechanisms arc involved m this 
disturbance of conjugate horizontal ga/c According to clinical 
reports,*' ocular convergence usually is preserved in human 
cases with lateral gaze paralysis due to pontine lesions Limitations 
in precise examinations of monkeys with tins syndrome made it 
impossible to confirni this observation with certainty, cveept in one 
•immal 

'Hie syndrome of paralysis of conjugate hon/ontal gaze would 
appear to consist of two separate elements 1) paralvsis of the 
Ipsilatcral lateral rectus muscle, and 2) paresis of contralateral 
ocular adduction on attempted conjugate gaze to the lesion side 
Paralvsis of the lateral rectus muscle can be accounted for on the 
basis of destruction of motor cells m the aliduccns nucleus Paresis 
of contralateral ocular adduction might be explained by con- 
comitant interruption of fibers destined for ilic contralateral medial 
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longuudinal fasciculus, and uUimatclj specific cell groups \Mlliin 
the opposite oculomotor nuclear complex TIic origin of the 
ascending fibers concomitantlj mtcrruptcU b\ lesions in the ab- 
ducens nucleus is unknown On theoretical grounds it has been 
postulated tliat these fibers originate from the so-called par- 
abducens nucleus," '» " but no dcfimtnc description of this 

nucleus could be found in the literature Although opinion \nnes 
concerning the anatomical cfTccis of abducens nerse section 
several authors*’ ** " ” report that section of the nerve, or 
resection of the lateral rectus muscle, results m chromatoljsis and 
disappearance of all cells in the abducens nucleus However fuse" 
found that all the large cells of tl c abducens nucleus did not dis- 
appear following brain stem lesions descnbffj as severing the root 
fibers of this nerve In our own attempts'! m the monkc>, a;>- 
parentl> complete section of the alkhiccns nerve produced severe 
cell loss though not all cells of the nucleus disappeared On the 
other hand, lesions in the mcdnl longitiuJmal fasciculus at the 
level of the trochlear nucleus produced rehtivel) few chssic 
retrograde cell changes m the abducens nuclei While these data 
do not absolutel> exclude the possibiht> that some cells in or near 
the abducens nuclei might ascend m the NiLK, thc> ofTcr rather 
poor support for tins thesis On this basis wq feel that the existence 
of a so-called parabducens nucleus must be cronsidcred as doubtful 
While some autl ors* * *® “ have considered the reiicuhr 

formation near tlie abducens nucleus to b<: the region pnmaril> 
concerned with conjugate horirontal c>c movements, our lesions 
of the MLF m tie caudal mesencephalon have not produced 
detectable alterations of neurons in the pontine or medullary re- 
ticular formation However, one unilateral lesion of the MLI near 
the abducens nucleus provoked retrograde cell changes in the 
reticular formation but altered cells were hrgcl> rostral to the 
lesion This finding together v\iih the abundant spinal degeneration 
in the ventral funiculus suggested that a considerable number of 
reticulospinal fibers descend in the MI-I In other animals VMtli 
lesions confined to the MLF or to the abducens nucleus, no retro- 
grade cell changes were seen in the bram sicm reticuhr fonn juoji 
\ccording to the studies of Pape?” and A'.aut i and Kujpers," 
lesions in the bram stem reticular formation produce little or no 
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ascending degeneration m the MLF However, it is generally ac- 
cepted that reticular neurons give rise to numerous branching and 
collateral fibers that terminate in or near all cranial nerve nuclei 
Comparisons of the ascending degeneration resulting from lesions 
of the MLF provoking paresis of ocular adduction and lesions m the 
abducens nucleus producing paralysis of ipsilateral lateral gaze are 
strikingly similar In both instances ascending degeneration is 
confined to the most medial part of the MLF and is distributed 
differentially to the ventral nucleus of the oculomotor nuclear com- 
plex With unilateral lesions of the abducens nucleus, this ascending 
degeneration is seen predominantly contralateral to the lesion, 
that IS, on the side where paresis of ocular adduction is present on 
attempted conjugate lateral gaze These anatomical findings sup- 
port the thesis that the paresis of ocular adduction seen m anterior 
internuclear ophthalmoplegia, and the paresis of contralateral 
ocular adduction which constitutes a part of the paralysis of lateral 
gaze syndrome, are due to interruption of the same ascending 
fiber system at different locations Evidence available from these 
studies suggests that interruption of specific ascending secondary 
vestibular fibers is responsible for the paresis of ocular adduction 
which constitutes a part of each of these syndromes The fact that 
unequivocal retrograde cell changes were found bilaterally in 
certain portions of the vestibular nuclei appears to support this 
thesis It appears pertinent that unquestioned retrograde cell 
changes were not limited to any single vestibular nucleus Altered 
cells were found in the lateral part of the medial vestibular nucleus, 
the ventral part of the lateral vestibular nucleus, and the most 
rostral and dorsal portions of the inferior vestibular nucleus These 
data tend to support the thesis postulated by Brodal and Pompei- 
ano‘ that the rostral projections of the vestibular nuclei are diffusely 
organized This may in part explain the numerous contradictory 
statements in the literature concerning ascending vestibular fibers 
derived from experiments based upon lesions in component nuclei 
of the vestibular complex In spite of this, data from the current 
investigations suggest that lesions in particular portions of the 
vestibular nuclear complex might produce paresis of contralateral 
ocular adduction In subsequent studies attempts have been made 
to produce lesions confined to particular anatomical divisions of 
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the \estibular nuclear complex Because of tecimical difilculiics 
these attempts Iia\c been successful in onl> a small number of 
animals It is our impression from data nou available that lesions 
involving cither the media! or superior vestibular nuclei fairlj 
sclcctivel) do not produce detectable disturbances of conjugate 
horizontal c> e mov ements Lesions dcstro) mg portions of the lateral 
and mfenor vestibular nuclei have in some instances produced a 
definite paresis of contralateral ocular adduction The resulting 
distribution of pretermmal degeneration vvuhin the oculomotor 
nucleus does not appear to correspond with that found in animals 
with lesions of the MLF or the abducens nucleus 


SUMMARY AND CONCLUSIONS 

In a senes of tlurt>-five rhesus monkevs. attempts vvcrc made to 
produce disturbances of conjugate horizontal c)c movements bv 
infljcling discrete lesions in I ) the medtal longitudinal Aisctculus 
difTerent levels and 2) the abducens nucleus Disuirbances of con- 
jugate horizontal eve movements were studied phvsiologically and 
animals with notevvortliv disturbances vvcrc pliotographcd .\sccnd- 
mg degeneration resulting from these lesions was studied in repre- 
sentative sections stained bv the Nauia-Gvgax icchnuiuc Serial 
sections of portions of ilic brain stem vverc used to evaluate cellular 
ciianqes sccondarv to lesions in some animals The follovvmg con- 
clusions were drawn from this studv 

1 Lesions destroving the most medial fibers of the medtal longi- 
tudinal fasciculi ai the level of the abducens nucleus in the monkc> 
produce a) enduring paresis of ocular adduction, and h) transient 
monocular horizontal nvstagmtis in the alxlucting c>e, on at- 
tempted lateral gaze 

2 Lesions inv olv mg rclaiivclv large portions of the mcdnl longi- 
tudinal fasciculi between the alxJuccns nuclei in the monkc> pro- 
duce bilateral paresis, or rcstnciion, of both adducting and alxluct- 
ing c)c movements ncccssarv for conjugate horizontal gaze without 
impairing vertical c)c movements, or com ergenre 

3 luisions of the medial longitudinal fasciculi producing paresis 
of ocular adduction on attempted lateral gizc provoke ascending 
degeneration in tlie most medial parts of tl c MLI , vvhicli is dis- 
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tnbuted differentially to the ventral nuclei of the oculomotor 
complex, cell groups innervating the medial recti muscles ipsi- 
laterally 

4 Lesions of the medial longitudinal fasciculi near the abducens 
nuclei provoking paresis, or restriction, of both adducting and 
abducting eye movements involved in conjugate horizontal gaze 
are associated with profuse preterminal degeneration m the ab- 
ducens nuclei and in the ventral nuclei of the oculomotor nuclear 
complex 

5 Unilateral lesions of the medial longitudinal fasciculus near 
the trochlear nucleus in the monkey do not produce detectable 
disturbances of conjugate horizontal gaze, preterminal degenera- 
tion within the oculomotor nucleus resulting from such lesions is 
confined to the ipsilateral lateial somatic cell columns within this 
nucleus 

6 Ascending fibers entering the medial longitudinal fasciculi in 
the vicinity of the abducens nuclei partially cross at this level and 
in the immediate rostral region, but no ascending fibers of this 
system appear to cross at more rostral levels 

7 Discrete localized lesions in the abducens nucleus produce 
enduring paralysis of ipsilateral conjugate horizontal gaze in the 
rhesus monkey 

8 Ascending preterminal degeneration resulting from unilateral 
lesions in the abducens nucleus is a) virtually confined to the 
medial longitudinal fasciculi, b) most abundant in the medial part 
of the contralateral MLF, and c) projected bilaterally to all the 
nuclei of the extraocular muscles 

9 Preterminal degeneration, resulting from discrete lesions m the 
abducens nucleus, is distributed most profusely and selectively to 
the ventral nucleus of the oculomotor complex, contralateral to the 
lesion 

Two hypotlieses are presented 

1 It is postulated that disturbances of conjugate horizontal eye 
movements, referred to clinically as anfenor and posterior inlernuclear 
ophikalmopUgia, represent essentially variations of the same s>n- 
drome, and that both of these forms of mternuclear ophthalmo- 
plegia are a consequence of interrupting ascending secondary 
vestibular pathways in the MLT near the abducens nucleus 
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2 Paral>sis of ipsilateral conjugntc lionzonti! gaze rcsulhng from 
localized lesions of the abducens nucleus appears to represent a 
combination of tuo disturbances a) paralysis of tlic ipsilaicral 
lateral rectus muscle, and b) paresis of contralateral ocular adduc- 
tion on attempted lateral gaze tossard tlic side of the lesion It is 
postulated that the paresis of ocular adduction, which forms an 
important part of this sjndrome, is due to the intcrniption of 
ascending sccondarj vestibular fibers hrgel) destined for the 
contralateral MLF and specific portions of the opposite oculomotor 
nucleus 
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DISCUSSION OF CHAPTER VIII 
Dr. Lycurgus M. Davey, New Haven, Connecticut: Dr. 
Carpenter, I have a question in relation to an interpretation of a 
caloric test which we made in a patient who had previously 
suffered a head injury In observing the nystagmus induced by our 
caloric test, it was noted that it was not symmetrical m the two 
eyes' /4cctinimg rcr otrr inteiprctstcem this resuk deiwfcd a’ceicnce 
of a residual lesion of the midbrain, probably in the medial longi- 
tudinal fasciculus It appeared tome that in your presentation you 
gave some anatomicaljustificatjonfor this, and I would like to have 
your opinion on my interpretation 
Dr. Malcolm B. Carpenter, New York, New York: I think it is 
well known that lesions involving the medial longitudinal fasciculus 
do not abolish nystagmus provoked by caloric stimulation A great 
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number of obseners ha\e documented this point I think Lorente 
dc ^o was one of the first to do so We have tested most of our 
animals caloncall^, and I do not remember having tested one 
animal with a unilateral ora bihteral lesion in the MLF m wliidi 
vve could not provoke n>stagmus if wc tried loiij, cnougli but 
frequently the nystagmus was not s\-mmcincal One point of 
interest was that in the animals with a right lateral ga/c pirahsis 
due to a lesion, m the nght abducens nucleus we could provoke 
nystagmus by doing caloncs on the right side but tlie eyes would 
never move into the right field of gaze 
More specifically m answer to voiir question I think tint it 
would be possible for a lesion in the medial longitudin \l fasciculus 
to produce an asyanmetncal form of nvstagmus but 1 vsould not 
expect that a lesion in tins site would abolish nysn^iniis lliis 
however would be only one of the locations for lesions lint might 
produce asymmetrical nystagmus 

Dr Alf Bfodal, Oslo, Norway I was moNi intert ted in Dr 
Carpenters findings There are a few comments tint 1 would like 
to make and I also iiavc two questions 

It is gratifying to know that vou have brought fonnial further 
evidence for tlie existence of a line org inization conccrinci vwth the 
termination of fibers from the vestibular nuclei in the v'luoiis pirts 
of ilic oculomotor complex \s I understand it iti your eases the 
lesions were located only vn the medial p irt of the longitudinal 
fasciculus I wonder whether that is the reason why vou did not 
have degeneration in divisions of the oculomotor nucleus which 
supply the muscles involved in vertical eye movenunts Do you 
ttunk til u fibers supplying these groups arc sittntid more hitrally 
in the medial longitudinal fasciculus’ 

I would like to direct vour attention to making an attempt to 
studv the ascending degeneration following lesions m Dcilers 
miclcus \ccording to I orente de V> the fibers from the utricular 
macul 1 terminal in the literal vestibular nucleus iicrhapi ex 
cUisively Since ilic otUr lihcix projecting to the nuclei of the 
ociil »r nuisclrs t ikc origin from vestibular nuclei vvhich arc largely 
supplied bv the ensue j Mtuly of the Icimination of llic iscrnding 
re dr muh us of Deiters would I e of interest 



Ascfndmg VtsUbular Projrc'ions and ConjugaU Idcnzonla} E)e Moiemenis 191 


Dr. Carpenter. In answer to ^our question about the ascending 
projections, it is tl e opinion of our group that the most medially 
situated fibers of the MLF project selects ely to the % entral nucleus 
of the oculomotor complex Larger, less restricted lesions of the 
MLF produced additional degeneration in other portions of the 
oculomotor nucleus, but in most instances, lesions invoJied almost 
all of the medially situated fibers of the MLF and i ariable numbers 
of more laterally placed fibers With lesions involving the sixth 
nerve nucleus and some fibers of the MLF adjacent to it, ascending 
degeneration was not absolutely confined to the ventral nucleus, 
there was also degeneration in tlie dorsal nucleus If the lesion in- 
volved the sixth nerve nucleus and none of the ipsilateral MLF, the 
degeneration was found only in the ventral nucleus 

We have recently attempted to extend these experiments by 
studying the ascending degeneration resulting from lesions m 
individual vestibular nuclei It is our impression that individual 
vestibular nuclei probably project m a specific manner to the sub- 
divisions of the oculomotor nuclear complex We liave found that 
ascending fibers from the superior vestibular nucleus are almost all 
uncrossed and project particularly to the trochlear and oculomotor 
nuclei Although some of these fibers enter the ipsilateral abducens 
nucleus, they are not numerous Ascending fibers from the medial 
and lateral vestibular nuclei arc both crossed and uncrossed 
Fibers from these sources pass to the ventral nucleus, the dorsal 
nucleus, and the intermediate cell column of the oculomotor com- 
plex There are also some ascending fibers from the rostral part of 
the inferior vestibular nucleus, these fibers appear to be mainly 
crossed 

In reply to Dr Brodal’s question about Deiters’ nucleus, I can 
on}}' say that 1 am famihar inth the of Lorente de 

concerning pnmary vestibular afferents to this nucleus Keverthe- 
less, we hav e obsen cd paresis of contralateral ocular adduction m 
some animals with lesions which destroyed parts of this nucleus 
We must admit that it is not consistently seen with lesions in this 
structure It is possible that some degree of paresis of ocular adduc- 
tion may result from lesions in other vestibular nuclei, but we have 
not been able to detect it Electromyographic studies of the extra- 
ocular muscles might provide more specific information 
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number of observers lja\c documented this point I think I^rcnie 
dc No was one of the first to do so We have tested most of our 
animals caloncall), and I do not remember Invintt icstetl one 
animal uitii a unilateral or a bilateral lesion in the MLF in svhicii 
we could not provoke n>stagmus, if we tried long enough, but 
frequenti) the n>stagmus was not sj-mmetrical One point of 
interest was that in the animals with a right lateral garc piralvsis, 
due to a lesion in tlic right abducens nucleus, we could provoke 
n>stagmus b> doing calorics on the right side, but the e>es would 
never move into the right field of garc 

More spccificall) in answer to >our question, I think that it 
would be possible for a lesion in the medial longitudiml fisciculus 
to produce an asi-mmctncal form of nystagmus, but I would not 
expect that a lesion in this sue would abolish njstagmus 'Iliis 
however, would bo on}} one of the locations for lesions tint might 
produce as>mmcincal nystagmus 

Dr Alf Brodal, Oslo, Norway 1 was most interested in Dr 
Carpenters findings There arc a few comments tliat I would like 
to make and I also Invc two questions 

It is gratifying to know that you liavc brought fonvard furtlier 
evidence for the CMstence of a fine organization concerned with the 
termination of fibers from the vestibular nuclei in the various p irts 
of the oculomotor complex As 1 understand it, in your cases the 
lesions were located onlv m the incdnl part of the longitiitlnnl 
fasciculus I wonder vvlicthcr that is the reason why you did not 
have digcncration in divisions of the oculomotor micleus which 
supply (lie muscles involved in vertical eve inovcmcnt-s Do you 
think lint fibers supplying these groups arc sitinicd more literally 
in the media! longitudinal fasciculus’ 

I Vvould like to direct your attention to making an attempt to 
study the ascending degeneration following lesions in Dciters’ 
nucleus According to I orente dc No, the fibers from the utncul ir 
macula terminate m the hicral vcsiibular nucleus, ptrinps ex* 
clusivclv Since the other fibers projscting to the nuclei of the 
ocular muscles take origin from vcstibul ir nuclei, vvhich arc largrly 
supplied by the crisnc, a studv of the iciinin ilion of the ascending 
fillers from the nucleus of Dciitrs would he of iiiterc't 
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Dr. Carpenter. In answer to jour question about the a’^cnding 
projections, it is il c opinion of our group tliat tlic most mediallj 
Situated fibers of the MLF project selectively to the ventral nucleus 
of the oculomotor complex Larg^cr, less restricted lesions of the 
MLr produced additional degeneration in other portions of t!ie 
oculomotor nucleus, but in most instances, lesions involved almost 
all of the mcdiallv situated fibers of the MLF and variable numbers 
of more laterally placed fibers With lesions involving the sixth 
nerve nucleus and some fibers of the MLF adjacent to it, ascending 
degeneration was not absolutely confined to the ventral nucleus, 
there was also degeneration in the dorsal nucleus If the lesion in- 
volved the sixtli nerve nucleus and none of the ipsilatcral MLF, the 
degeneration was found only in the ventral nucleus 

We have recently attempted to extend these experiments by 
studying tlie ascending degeneration resulting from lesions in 
inditidual vestibular nuclei It is our impression that individual 
vestibular nuclei probably projen in a specific manner to the sub- 
divisions of the oculomotor nuclear complex We have found that 
ascending fibers from ilie superior vestibular nucleus are almost all 
uncrossed and project particularly to the trochlear and oculomotor 
nuclei Altliough some of these fibers enter the ipsilatcral abducens 
nucleus, they are not numerous Ascending fibers from the medial 
and lateral vestibular nuclei are both crossed and uncrossed 
Fibers from these sources pass to the ventral nucleus, the dorsal 
nucleus, and the intermediate cell column of the oculomotor com- 
plex There arc also some ascending fibere from the rostral part of 
the inferior vestibular nucleus, these fillers appear to be mainly 
crosserl 

In reply to Dr BrodaFs question about Deitcrs’ nucleus, I can 
on)y S7J that I am iamtUar »ith Otc findings of 1 orente de An 
concerning pnmary vestibular alTcrcms to this nucleus Neverthe- 
less, we have observed paresis of contralateral ocular adduction in 
some animals with lesions which destroyed parts of this nucleus 
We must admit that it is not consistently seen with lesions m this 
structure It is possible that some degree of paresis of ocular adduc- 
tion may result from lesions m other vestibular nuclei, but we have 
not been able to detect it Klcctromy'ographic studies of tlie extra- 
ocular muscles might provide more specific information 
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Dr. J. Santiago Ktcsco, Santiago^ Chile: There is one point. 
Dr Carpenter, uhichis not quite dear tome as a chnienn \Vh) do 
)ou sa> that the sjndrorne of inicrnudcnr ophtlialmoplcgia is due 
to a lesion of the scstibular ncr\c fillers and not to a lesion of the 
ciTerent abducens ncr\c fibers’ 

Dr. Carpenter* I realize there is a theory that mtcrnuclcar 
ophthalmoplegia or dissociated c)c inoscments in a horizontal 
plane maj be due to interruption of eflerent fillers from the ab- 
ducens or “parabducens nucleus” svhich ascend in the MLI I 
do not know how the term ‘ parabducens” originated, but m this 
country It lias usually been attnbiitcd to Hcnr> AUop Rile> It 
first appeared to the best of m> knowledge, in Strong and Hlwjn’s 
Human \fUToanatom\ I lia\c never seen the “parabducens nucleus ” 
nor hav e I seen a description of it in the literature 

\ number of investigators have sectioned the abducens nerve 
and studied the retrograde cell changes in the alxJuccns nucleus 
In 1898 van Geliuchten stated that all cells of tlic abducens nu- 
cleus undergo retrograde changes following section of the nerve 
root Sir Gordon Holmes also reported this in 1921 Roger War- 
wick (1953) said tint removal of the htcral rectus muscle caused 
all cells of the abducens nucleus to undergo chromatolj-sis 

We have repeated this studv m the rhesus monkc> Although it 
IS difiiculi to section the aWucens nerve intracrannllj, we did 
m mage to accomplish this m a few animals In these animals not 
all of the cells m the abducens nucleus underwent chromatolvsis 
There was a report b^ Fuse in 1912, based upon brain stem lesions 
considered to interrupt the abducens root fibers, in which he de- 
scribed most but not all of the cells of the aWucens nucleus as 
undergoing chromatolv tic changes Marburg (1911) and other 
authors have considered specialized pans of the rcticiihr forma- 
tion near the alxluccns nucleus ns the source of ascending fillers 
associated with conjugate horizontal gaze In our studies lesions 
in the MI F near the trochlear nucleus level Inve not produced 
retrograde cell changes in the alxluccns nucleus or in the reticuhr 
formation near the alxluccns nucleus Tliesc lesions have produced 
some retrograde cell changes in the vestibular nuclei but these 
have not Ix-en numerous 
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It IS our impression that most of the ascending fibers m the MLF 
above tlic level of the nbtluccns nucleus arc vestibular m ongm 
lesions in the MLF near ilic sixth nuclei produce unquestioned 
retrograde cell changes in the vestibular nuclei and result in ilic 
intcrnuclcar opiulialmoplegn \Vc feci that ptral^sis of lateral gaze 
and anterior intcrnuclear ophthalmoplegia arc related phenomena 
It IS our feeling that the paralysis of ocular adduction which forms 
a part of each of tlicsc syndromes is due to the inierruption of 
ascending secondary vestibular fibers In lateral gaze paralysis, wc 
feel that these fibers arc interrupted as they pass near or through 
the abducens nucleus Although 1 cannot say absolutely that the 
parabducens nucleus docs not exist I regard tins nucleus with 
suspicion 

I would hbc to ask for comments from Dr Brodal Perhaps he lias 
seen the parabducens nucleus Dr Rasmussen might like to com* 
inent on this point also 

Dr. Davey; Controversy is always a good way to stimulate dis- 
cussion Dr Rasmussen, would you care to express an opinion’ 
Dr. Grant L Rasmussen, Bethesda, Maryland: I have nothing 
to add to tins beyond confusion 
Dr. Davey: Dr Brodal, doyou have a comment’ 

Dr. Brodal: My only comment would I>e tliat I have not seen 
the nucleus I must confess that I have not been on a particular 
hunt for it, so I will be a little c.aulioiis 

Dr. Davey; If it is that dilficull to idtiitify, tlicn J suppo<«r ihc 
“nocs” have it 
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IX 

SOMATIC AND AUTONOMIC MOTOR 
OUTFLO\V TO VESTIBULAR STIMULATION* 

n > C Gerwsot \I D 


M \N has c\oUcd is a dueller on the hnn foundiuon alTorded 
b) the canh and most of hi« icti\it\ J)\s I cen confined to tuo 
dimensions of space Houescr the npid desclopment of ivntion 
1:05 greatJs incm<cd the demands on the abihts of aeml man to 
maintain equilibnum and spam! orientition uiih respect to cn 
Nironment Nou tfiat min has developed i soplusiicaiion of sur 
Mva] that pemiiis him to live in vmuiJIv ill regions of the earth 
includini; tlie oceans and the iimo'pherc we ire alioui to lieqin or, 
in fact have ilreadv Ix's'un in exploration of the spice be>-oncl 
tlie reaches of tlie earth s atmosphere and vvill soon l>e explonnt; 
not onlv our oun s.iirlhte the Moon but our tuo ncire^t planenrv 
neiqlibors \ cnu> and M irs \t tins earlv sta^e of the greatest of all 
[mmin adventures it hard to predict uhit elTcct the cxtri 
terrestrial environment will hive upon the miinicnincc of cqui* 
hbnum ind spiinl oncntiiion ]>osturc ind locomotion Ilie 
pioneer isironauts arc ficmt; i complcxitv of fictors tlie hhe of 
uhich has no counterpirt in human experience Rr^relfuU), ue 
rccotjnizc tint iheorciicil inaUsis fids to provide neat predictions 
of the bclnvior of bioloc,ical svstems in the spice environment 
\hhou?li postulates and hvTiotheses iir cencrallv es'cninl m 
biologv their U'cfulnes.s IS almost cntirclv htniietl to the indivuhni 
Studies of their miners 

•f itjor^too of Nfuro-ifi^ ofo»\ Ifr-i eat fvr*-«rcli fl unf Cvn aL-t> rr1 

Irt Danlfodl itcelliclm 

19 -. 
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I EQUILIBRATION TRIAD 

The majntenance of equihbrium and spatial onentation witli 
respect to the terrestrial environment and the use of the most 
serviceable posture while in motion are everyday, effortless experi- 
ences The ability to carry out these performances with precision is 
attributed to the equihbratory function Spatial orientation and 
equilibration arc highly integrated functions depending upon 
interpretations, at conscious and subconscious levels, and proper 
responses to impulses arising from 1) the ocular system, 2) the 
vestibular system, and 3) the muscles, joints, viscera, and skin 
These three comprise the so called equilibration triad which is in- 
extricably involved m almost all of our perceptual, experiential, and 
motor activities Streams of afferent impulses generated by the 
exteroceptors and interoceptors of these mutually interdependent 
S) stems interact in supraspinal and spinal nervous structures and 
converge to influence the activity of the final common path These 
regulatory systems act like time-cominuous error detecting devices 
that position the body m space by varying the output of the muscles 
to counteract changes in gravitational force Since the sense of 
equilibrium depends on environmental factors that give rise to 
external stimuli and upon the integrity of proprioceptive systems, 
It IS understandable that the function of equilibrium to a great 
extent is developmental The sense organs provide a running com 
mentarj on a great varietv of external and internal circumstances, 
but the organism has to select the particular reports which have an 
important bearing on its present and future behavior 


n SOMATIC MOTOR OUTFLOW IN RESPONSE TO 
VESTIBULAR STIMULATION 
The relative importance of the vestibular system m maintaining 
equilibrium is indicated by the great degree of disturbance accom- 
panying a lesion of the vestibular receptors, eighth nerve, or central 
vestibular components in the acute stage, as compared with that of 
a lesion of the other individual systems contributing to the equi- 
hbratory functions The vestibular receptors are capable of evoking 
the most widespread somato-visceral effects throughout the body 
As a consequence of the extensive distnbution of vestibular effects, 
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there arc nian> opportunities for central mtctp-ation Trom the 
intricate compensator) motor performance follow ms; actuation of 
the \cstibular system, it can be asserted that sestibulir actuity is 
influenced m a delicate and purposeful manner 
A. Methods Vestibular stimulation by forces of grn\ nation 
and angular acceleration is used successfully for elucidating many 
problems related to labyrinthine function However, natural 
stimulation, as for example by acceleration of the fluid columns in 
the semicircular canals, docs not provide enough synchrony of 
impulses to permit an easy tracing of signals along the vcstibulo- 
fugal system or for studying interactions between the vestibular and 
other systems In experimental investigations of the vestibular 
system in cats the most productive method has proved to be that 
of clcctncal stimulation * “ The application of electrical stimula- 
tion to the peripheral branches of the vestibular nerve cvoli.es an 
orthodromic sy nchronized v ollcy of impulses w Inch then penetrates 
the rest of the vestibular system in a nearly intural fasliion 
B Bulbar Projections and Descending VesUbuhfugol Activity: 
Central recording of responses to vestibular nerve stimulation in- 
dicates activation of tfic vestibular nuclear mass ipsilaterally and 
rather extensive regions of the rcticiihr formation bilaterally 
Througliout most of tlic extent of the contralateral vestibular 
nuclei no evoked responses arc obscrvctl ** ** 'Ihe vestibular nu- 
clei give off efferent fibers to various parts of the central nervous 
svstem In addition to lie three principal components, fillers to 
the spinal cord to tlic cerebellum, and to higher levels of the 
brain stem there arc s! ort fibers passing to the reticular forma- 
tion and other cell groups in the vicinity * ’ 

The influence exerted by vestibular impulses on the spmal cord 
IS clearlv si own bv experimental destruction or siiniulation of the 
vestibular nuclei or the eighth cranial nerve Single shock stimula- 
tion applied to the vestibular nerve evokes responses which may lie 
recorded from both ipsilatcral and contralateral peripheral motor 
nerves of ccrvicothoracic levels and from lumbosacral ventral 
roots (Fig 1) Tlicse responses arc transmitted to the spinal cord 
via die vestibulospinal and reticulospinal tracts Flic cervico- 
thoracic response consists of an initial spike and two successive 
waves *■ ” '* Bv contrast, onlv two waves and some late activity 
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Fig 1 Responses to single shocJ. \cs- 
tibular nerve stimulation recorded 
from radial nerve (upper beam) and 
ventral root L; (lov\er beam) Time 
scale in 1 msec intervals 


can be recorded from lumbosacral ventral roots These significant 
dilTcrences in the configuration of the responses obtained from 
widely separated segments of the spinal cord suggest changes m 
structural organization Either the relation of the descending 
vestibulofugal tracts with the motoneurons becomes weaker, or this 
dissimilarity of the responses might be a manifestation of temporal 
dispersion within the paths, and thus is not neccssanl) attributable 
to termination of massive numbers of fibers m supralumbar regions 
Anatomical studies demonstrate that boili the reticulospinal path- 
ways, or their functional continuation as propnospinal interseg- 
mental neurons,*® * ** and the vestibulospinal fibers descend to 
lumbosacral levels ** 

C. Ventral Root fifament Recording During Vestibular Stim- 
ulation: The final expression of postural integration is determined 
by the combinations of motor nuclei which are activated and by 
the pattern of motoneuron activation within the nuclei Vestibular 
stimulation elicits activity m both alpha and gamma fibers of the 
ventral roots * The strength of stimulation required to produce 
firing in a gamma fiber is lower than that needed to obtain a 
similar effect in an alpha fiber The lower tiircshold for gamma 
fibers would thus indicate that the muscle spindles become stimu- 
lated before tlie muscle is made to contract by the efferent im- 
pulses in the alpjia fibers m response to stronger siimuhtion It is 
characteristic of the gamma activity that it gradually increases dur- 
ing low -frequency vcstibularslimulation, demonstrating that thedis- 
cliargc in the gamma fibers is not controlled by an inlnbiiory feed- 
back meciianism of jls own as arc impulses in the alpha fibers * ** 

The maintenance of cquilibnum is but another facet of the 
organism's efforts of homeostasis It is not a reflex state of wholly' 
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unvarying \csiibular afTcrcnt— motor cncrcnt exchange, but one 
in which adjustments for nuances of imbalance arc coniinuousU 
being made b> sc\cral sensor) sx stems The spatial and temporal 
pattern of descending xcstibiilar impulses required for the mainte- 
nance or purposeful adjustment of posture cannot be seen as auto- 
matical!) and blindl) released into the channels of executive 
pathw a) s b) the originating structures 1 he pattern is progrcssiv cly 
controlled b) the influence of central comitnnds and it is re- 
modeled at each wa) station of the executive s)stem in accordance 
vMth die modulating influences winch converge from peripheral 
sensor) mcclianisms Basicall) these corrections arc citlicr resistive 
or compensator) Inhibition with selective facilitation appears to 
be a general principle of vestibular functioinl organization 

D Modulation by Neck Proprioceptors and Cerebellum: 
Since die classical studies b) Sherrington, Magnus, dc Klcijn, and 
Rademaker the importance of neck proprioceptor activii) in 
postural reflexes has been recognized Vestibular responses, par- 
ticular!) those recordctl from cerxicothoracic levels, arc strong!) 
influenced b\ neck proprioceptor stimulation '* Tlie projirioccplivc 
impulses elicited bv neck movements ari«e from receptors situated 
within muscles tendons and particularlv within joints,** and arc 
routed into tlie cord brainstem .md cerebellum There arc ample 
fastigiobulbar connections which allovv the cercliclliim to exert its 
well known tome inluhitorv action upon lnb)rinihinc reflexes ” 
Vestibular resjionses augmented b) destniction of the anterior lot>e 
of the cerebellum or following complete cerc!>clleciom) undergo 
furtlicr growth following removal of a large portion of the medial 
reticular formation indicating that the reticular formation pro- 
vides inhibitorv influences to the vestibular s)sicin which arc indc- 
penclcni of die cerebellum '* 

£. fnteractwn Belureen Vestibular and Intersegmentcl Proprh- 
spinal Reflex Activities: For the greatest benefit of the orgunsm 
as a whole spinal segmental activities must l>e amalgimaird, 
adjusted and regulated so that the hod) is maintained in the I cst 
possible |K)sition to respond to the necessities imposed hv the often 
changing environment *' »* *• ** Some insiglu into the complex 
interaction between aciiviiv mediated through tlie vestibular and 
intcrscgmcntal propriovpiml sv steins can lx? obt lined b) slitnulat- 
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ing these systems in a conirollctl temporal sequence \%lulc recording 
the average discliargc activiiv of the spinal motoneuron pooh '* Hie 
brachial plexus is utilized ns an input lead to activate tlic mlcr- 
scgmcnial propriospmal system Flic propnospinal rcRcx response, 
recorded from lumbosacral ventral roots, is markedly reduced in 
amplitude or totally obliterated b> a preceding vestibular vollev 
when the two shocks arc delivered in close succession (Fig 2, 
dashed line) As the interval between stimuli ts gradually uidened, 
the tail of the propriospmal response reappears and successively 
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lilt 2 AnipJjludc »amiions of vrsiibuhr rc3{»nw »*J»rn condiiionrd b> sinijJr 
brachial plc'tus sliocks .ii incrrasmi; imcrvak recorded from ijwilaieral vcnirat 
root 1 7 (solid line) Supninaxiina! I t dtjr<al root s’liicks preceding vesiibidar 
rrsiXinses recorded from correspondinit ventral root u increasinR intrrv rls (dotted 
hue) EfTecis uj>on bnchnl plexus response when conduioned bv single vcitibular 
shocks, reconlcd fiom ipsilatera! \entril not I- xt mereiMng intcrMls (dadied 
line) Amplitude xanations of lest responses relxmc to cniilrol => I 0 plotter! 
agamsi lime in mw (fixim Certiandt and fiilman, 1060 a) 
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earlier portions are added until the entire response is restored at an 
inter\al between stimuli of about 60 milliseconds When a %o!lc> 
of impulses conducted in the lont; propnospinal rcla> s>-stcm ar- 
nvesat lumbosacral levels prior to \cstibularacti\it>, the first wave 
of the vestibular response is enhanced four to ten times and the 
second wave is obliterated for an interval of about 50 inillistconds 
between shocks (Fig 2, solid line) 

T. Interaction Between Vestibular and Segmental Propria^ 
spinal Reflex VestibularcfTects in the spinal cord facili- 

tate for long intervals subsequent subthrcshold, submavimal, and 
supramaximal monosynaptic responses induced by motor or mixed 
nerve stimulation at the level of testing** “ The fact that two 
antagonistic spinal reflex responses, the extensor gastrocnemius and 
flexor tibialis amicus are both facilitated suggests that vestibular 
innuences at the spinal segmental level contribute to muscular co- 
contraction patterns necessary to the pillar-Iikc stability of a 
weight bearing limb 

The influence of local segment'll reflex actnm upon vestibuhr 
outflow IS remarkablv dissimilar to tint exerted b\ the long pro- 
pnospinal rehv svstem ' “Tlie response to single shock vestibular 
stimulation is obliterated for a pcriotl of about 15 milliseconds by n 
preceding supramaximal shock to a motor, mixed or cutaneous 
nerve fFig 2 dotted line) \s the interval is progressively in- 
creased the vestibular response is gradually restored and fimlly 
resumes control size at about 50 milliseconds 

In studying llic effect of segmental proprioceptive impulses upon 
the cfTerent discharge elicited b\ vestibular stimuhiion it Iwcomes 
obvious iiow strongly and dominatinglv it is under proprioceptive 
control \ltliougli the mu<c!c contraction may be miuated by 
vestibular stimulation, its suljsequcni control comes into licing 
mainlv through the muscles ihcmscKes Tins self-regulation of the 
muscle influences both alpha and gamma activity * If impulses are 
recorded from an alpha filicr whose cell is in contact vvitli lioth the 
descending vestibular patli and the segmental proprioceptive con- 
nections a muscular contraction gives rise to an inhibition of the 
vestibular response, however strong it mav be The slow tonic 
properties of the muscles, owing to their viscositv, will render the 
inhibitory effect rclativclv long-lasting 
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Fig 3 Effect of foot joint stimulation on vrsubuiar ventral root response A 
control response recorded from Lr B during manipulation of larsal metatarsal 
joints of tpstlateral hindliinb Time scale m msec (from Cernandt Kaisuki and 
Livingston 1957) 


The only kind of peripheral stimulation found to facilitate the 
vestibular response is that of manipulation of the tarsal metatarsal 
)omt8 ipsilateral to the recording site ’* Working tlic joints m ilie 
foot profoundly enhances the vestibular response ivhich in turn is 
facihtatory to both flexors and extensors and hence acts to stabilize 
the same extremity (Fig 3) Standing, stepping, springing or 
landing should displace the joints m the foot and, in accordance 
with the degree of excitation of afTerents stimulated in this \say, 
there would be a correspondingly cfTcctitc increase in the weight- 
bearing capacity of the same limb This foot-afTcrent augmentation 
of %entral root responses to vestibular stimulation may proMde a 
basis for the positive supporting reaction — the so-called “magnet 
reaction” of Magnus (1924) 

G Interaction Between Vesttbuiar and Pyramidal Activities 
Tome p>Tamidal* * and tonic \cstibular activity' ** constantl> 
interact and if phasic pyramidal actuity alters bodily position m 
space It concomitantly induces vestibular stimulation The ability 
to control skeletal muscles engaged in an action directed toward a 
gn cn end is dependent upon the coordinated action of cooperating 
muscles and upon the complex postural adjustments In situations 
involving potent vestibular stimulation interference with voluntary 
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Tit; 4 Insert depicts control response to single sHoeV cortical sumulation recorded 
from the contralateral radial ner>e and when condtiioncd bs tesubular volley 
(upper pair) Response to 3 pps corncM stimulation and when preceded at this 
frequency fay conditioning vestibular volleys (lower ptir) Time scale in msec 
( urse represents amplitude of original response at 1 pps 3 pps (first arrow) 
during (marked by bar) and after condtiionmc vestilnilar sctmulacion (from 
Gcrnandi and Gilman I9&0 c) 


in. AUTONOMIC MOTOR OUTFLOW IN RESPONSE TO 
VESTIBULAR STIMULATION 
Iti addiDon lo iljc imjjoriancc of iJic vestibular rcccpiori to 
posture and Jocomotion, reflex cflccis of labynnlJnne siimiilaiion 
can influence autonomic cflcciorx It has long been bnoun that the 
vestibular apparatus is esscntnl for tlic clcvcJopincnt of motion 
sickness In many dtsctisstons of motion sickness attention has been 
directed to ilic somato-visccral reflex effects of labyrinthine stimula- 
tion Symptoms such as drowsiness, facial pallor, cold sweating, in- 
creased salivation, nausea, and vomiting arc prominent, mantfest- 
ing coordinated transactions among autonomic and somatic sys- 
tems 'lilts complex of subjective and objective nntufcsiations must 
involve activation and integration of many neuron \l systems for tlic 
expression of tlic entire svndromc Obviously, we are able to dcline 
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onl> a small part of the total transactions among the inuJtipJe 
mutuall) interdependent components I he ph>siologisi who u 
studjing liie problem of ner\ous intcgntion hopes tint cventUdll) 
an illuminating synthesis will emerge from the experimental find 
mgs which he accumulates 

A VesUhulovagal Response In cats single shock sestibular 
stimulation evokes a response m the central end of the ipnlatcral 
vagus nerve No visible response can be obtained from the contra 
lateral vagus nerve or from cither of the two sjanpithctic nerve 
trunks * 

One must bear in mind that the cflccts of autonomic cvritanon 
vary according to the physiological state of the tissue Obviously 
every reaction of an organism or of ns parts to a new stimulus is 
superimposed upon a fluctuating base line of activity making an 
interpretation considerably more difficult llic vagal response to 
vestibular stimulation is highly dependent upon the time relation 
between its iniuaiion and the appearance of tlic burst activity 
originating from tlie respiratory center If the evoked vestibular 
response occurs between two bursts the amplitude of the response 
IS large If however the response overlaps the burst activity the 
vestibular response IS strongly depressed Tims m the coinjxriition 
for access to ilie v agal nuclear complex between impulses from the 
respiratory center and those evoked by vestibular stimulation the 
former dominate \s stronger vestibular stimulation vitlds a more 
rapid respiratory rate U becomes increasingly dilTicull for the 
vestibulovag il impulses to reach the autonomic effectors {Fig 5) 

L nfortunatcly tins pliasic rcspiratorv control is usually not enough 
to prevent lie development of the svndromc of motion sickness 
However tlic well known Ixrncficial action of deep breathing m 
curtailing a spell of nausc i may be explained by these experimental 
findings \noilier but we ikcr// tstc inhibitory feed back mechanism 
influencing tlic vcsubulovagil discharge can l>c dmionstratcxl by 
splanchnic nerve and dorsal spinal root ictivai on ' 

B Effect of Temporal Summofton \ comp iri«on of tl e 
effects of vestibular stimulation upon aiitonorn r and somatic 
motor outflow shows mam cicarcut differences bctssccn tiie two 
svstems despite the fact that the Ixiundary line lx tvseen d em ln< 
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leg 5 Deccretjrate cat curanred Recordings ai 1 sec inter.aijfrom central end 
nf Jcfi vigiis nerve Row \ Spontaneous ac(ivit> RnwaB »nd C During 10 pps 
tpuiateral tcstibular n*rve snmulauon Row D Immedwtcl> after cessation of 
Ncstjbular nerve sumulaiion Row C 43 sec after cessation of artificial respirt 
tion Time s al“ 5 ms-c intervals (from Gcrnandi 19G4) 


become less well defined Since ilic m'nntcnance of vestibular 
sttmuhtion for some length of time seems essential for ilie develop 
mem of motion sickness, one would presume tins to be an instance 
of slow temporal summation However, when vestibular impulses 
impinge upon the vngal nuclei there is little evidence for teniponl 
summation Instead tlicsc nuclei have difTiculties transmitting at a 
repetitive rate of more than 10 pulses per second vestibular stimula- 
ijon This contrasts with the influence of tlic same vestiinilar 
stimuhtion on somatic motor cells Phrenic nerve" and ventral 
root** discharges easily follow 10 pps or lumber frequency vestibular 
stimulation and siow a remarkable increase in amplitude with in- 
creasing stimulus frequency I igurc 6 shovss the responses to single 
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fi£j 6 Cat decrrebratc Ipsilaieral vaj;al (upper beam) and phrenic nrr%c 
(lower beam) responses lo stm’le shocL trstibular stimulation (A) and to 10 ppi 
vestibular stimulation (B) Time scale 5 msec intervals (from Cfemandi, I9M) 


shock \cstibuiar siimulation (I pps) from the tpstlaieral vai^tis 
nerve (upper beam) and phrenic nerve (Jower Ixram) Dunni; hiqh 
frequenc) vestibular stimulation (10 pps) tlic vatjal response does 
not cliange or a mas display a sligla decrease m amplitude Con* 
currentls there is a profound augmentation of the plircnic nerve 
response and shortening in latenc) Tins experiment clear!) 
demonstrates tlic difference in effect of temporal summation i:i>on 
autonomic and somatic motor oiitnow dunng vestibular stimiila* 
non and ma\ explain vvh> the heart, for example, docs not stop 
completclv during prolonged periods of vestibular overstimulation 
\ctuall\ heart rate and blood pressure changes arc rather weak ” 
** *" In contrast the effect of temporal summation upon the 
somatic motor svstem results in strong postural adjustments and 
pcriodicallv in violent contractions of the diaphragm and alxlom* 
mal wall muscles associated vvith retching and vomiting 

C Hahiluation and CenUal Nenous Control: It commonl> 
ma) be olisorvcd that identical stimuli ansmg from activities tlial 
might cause disturbances of rtpiilibruim evoke reactions that are 
slight in the habituate but arc great in ihc inmate Although it 
IS usual for the cquilibratorv sense to lie adaptable for tlcvelop- 
ment to the indiv idual s needs even when the requirements arc more 
than the ortlinarv whctlicr the additional adjustment is slight, as 
in tlic sailor and aviator or great, as in the acrobat, professional 
dancer and ligure-skaier such a regular nil.apiation is not in- 
vanablv experienced In a small percentage of jieoplc a distiirbanrc 
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of equilibnum experienced from \en slight moiionc, e^ficcially 
\Wicn of unaccustomed origin, and to some extent csen uhen such 
motions are anticipated In this class arc those u ho arc h> pcrscnsi- 
tive to sea, air, and tram travel and in whom it appears that citlier 
excessive sensory impressions are evoked b> their experience, or 
there is a low tolerance for adaptation to the impulses m the vcsiib- 
ulofugal system In literature on motion sickness u has been sug- 
gested that some instability of the central control of the autonomic 
system would cause some people to be more susceptible to motion 
sickness than others 

Ii IS well known that tome inhibitory forces of difTcrcnr origins 
exert powerful control upon the vestibular nuclei (Section II 1)) 
Are there similar forces affecting the autonomic system Keeping its 
outflow of impulses normally withm narrow himts’ Pan of ^ recent 
investigation was designed to compare the effects of removal of 
various ionic inhibitory sources upon tlie activity evoked by 
vestibular stimulation while recording simultaneously from tlie 
vagus nerve and spinal motoneurons” Uecercbrauoii cerebcl- 
lectomy, and post-braclual transection (tlie SchifT-Sherrington 
effect) each augment the vestibulovagai response, but this release 
IS due to the removal of a tome inhibitory force acting upon the 
vestibular nuclei, thus allovvmg a more powerful v ollcv of v cstibular 
impulses to impinge upon ihc vagal nuclear complex In no in- 
stancedowcobsenean) sjgnofrelcascofautonomicactjvjiy being 
Tunneled through the vagal nuclei as tested by the vago-vagal 
reflex response 

D. Interactton Between Limbtc and Vestibular /n)7uencesw)5on 
Vagal Outflow' It has long been known that hmbic (visceral 
bram) stimulation can induce a vanciv of visceral responses Limbic 
and vestibular influences converge on tlic vagal nuclei but the 
hmbic tram of impulses can be prevented from access to the vagal 
nuclei by preceding vestibular stimulation * It is supposed that of 
all rliincnccphahc structures, the hippocampus represents perhaps 
the highest level of interaction ’* However, single shock vestibular 
stimulation does not chcit primary evoked responses from the 
hippocampus but gives nsc to a delayed senes of spindles of tlitia 
rhythm interpreted as an arousal rtaciion Xo hippocampal 
pntnary evoked responses nor hippocampal seirurc can lie tng- 
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Fii; " Silirmnir rfjjrcsentauon «<nii<TJrchicil duminancp jm)ni{ vjiiip rrmral 
and (xTiphrral % nirips toni|>riin£' for 4cc«* n I'le ^a!'ol noflrir oimplrr (from 
\k<rt and Cirrnjndi 1962) 

Rcrcd lj\ tiiglicr frcqucnt\ \rstibular stimuhlion up lo 100 pp<: 
Tins sut'i'csts lint the sue of an> upuard intmiction beuvern 
\csnbular and liml)ic s\ stems as ultimatch rtflcctcd in the s.ij; il 
at tn Its IS not ssitlun ilic hippocampus 

I licrc exists a strong ovcrhppmg of projections onto \agil moto- 
neurons from a sanets of central neural strurtures ind jx.npheral 
sensors sources Our studies pennit an esalintion of their Imr- 
archital importance in controlling sag d cITcrent disch irge (1 ig 1 ) 
E Autonomic and Somatic Threshold Differences to Vestibu- 
lar Stimulation I he threshold of soimtic motor response to 
scstibular stimuhtion is aljoiit three times as high as tint of the 
\agal response ” This clcarcut difference in thresholds for esohing 
autonomic and somatic responses to xcsiibuhr stimuhtion mi) 
explain win motion sickness is mill ills domimtetl b) viserral 
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s^mpioms prior to the nianifcstalion of somatic efTecis m tlic form 
of retching and \omuing Tlic appearance of statokinetic rcflcscs 
in response to powerful vestibular stimulation is of obvious func- 
tional importance in the miintenancc of an upriglit posture If 
the threshold of somatic activation b> vestibular stimulation were 
lower than that of autonomic activation, intricate compensator) 
motor performance uoukl tend to prevent or at least reduce the 
cfTcct of vestibular stimulation upon the autonomic cfTectors On 
the other hand, the presence of several tonic inlnbitorv controls 
acting upon the vestibular system mav chinmatc involuntary mus- 
cular contractions to weak, sliort-lasting vestibular stimulation 
which otherwise miglit interfere vviih the coordinated performance 
of voluntary muscular activity However, there remains the dif- 
ficulty m explaining why vestibular stimuJauon leads to motion 
sickness, an «apparent disruptive and di<»nicgraiive syndrome luck- 
ing any obvious protective function 
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There is one point I would hke to raise which refers to your 
findings of inhibition of the vestibular impulses by neck flexion 
We know that there are rather few spinal affcrents to the vestibular 
nuclei and, of course, pnmanly one would think that the primary 
afferents derived from the neck joints are responsible for the in- 
hibitions However, when I saw your first slide, I thought there 
might be another possibility that the spina) impulses pass through 
the cerebellum, then, when you removed the cerebellum you got a 
tremendous increase in activity due to removal of cerebellar in- 
hibition It may not be possible to answer this question, but do you 
think that the normal influence from the neck on the function of the 
veshbuJarnudei is passing via the cerebeUum’ 

Dr. Gernandt Receptors of some joints, such as the cervical 
intervertebral, may facilitate either flexor or extensor effects, de* 
pending upon the direction of movement Sensory inflow over a 
dorsal root affects activity not only at that specific segment, but 
contributes also to that of distant levels The entire role may be a 
complicated one as joint afferents project to 1) the somatosensory 
cortical areas, 2) the cerebellum, 3) the reticular formation, as well 
as 4) the spinal motor pools 

Dr. Brodal: Do you think all impulses go through the cere- 
bellum^ 

Dr. Gernandt The cerebellum is known to be an important 
station for the central integration of proprioceptive impulses The 
reticular formation, fed conunuously by impulses from a variety of 
origins, including vestibular organs, muscles, and joints, exerts a 
steady influence upon segmental reflexes and tonic contractions In 
part, these influences may be expected to have specific and organ- 
ized effects upon the body musculature since portions of the 
cephalic reticular formation contain ill-defined centers for some of 
the nghting reflexes 

The vestibular system js under a povveiful tonic inhibitory 
control of the cerebellum and, to a lesser extent, the reticular 
formation There are ample fastigiobulbar pathways winch allow 
the cerebellum to exert its tome inhibitory control upon tiie 
labyrinthine reflexes The effects upon vestibular evoked responses 
of changing the head position or compressing the dorsal portion 
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of tiic neck pcrsut after eerclx*llcciom> , but arc not notably 
diminished 

Responses augmented b) cercbellectom) maj undergo a further 
growth following removal of a segment of the medial reticular 
formation, demonstrating that the reticular fonnation provides 
inhibitorj influences to the vestibular sjstcm which arc imle- 
{>endent of tlic cciclicllum 'Ilius, sensor) impulses from receptors 
of cervical intervertebral joints do not have their sole or even 
pnmc effect at the immediate segmenuil level 

Dr. Robert Galambos, New Haven, Connecticut: 1 he i>owerful 
influence of vestibular input upon motor responses is certain!) 
clcarK displaced here Have jou an) information about acoustic 
stimuli activating this vestibular input’ Several recent experiments 
reveal verv short latenc) responses m muscles in various parts of 
the hod) following acoustic stimuli delivered to the car. It has 
l)ecn suggested that the sensor) mechanism involved is vestibular 
(liukford It n , I fd I'roe , 22 679, 196$, absUacl) 

Dr Gernandt It tv unhkel) that sound vibrations transmitted 
from ilic oval window to the pcnl)mph arc further propagated in 
that part of the lah)rintli represented b) otohtli oigans and the 
three scmicircuhr canals llie onl) exception ma) l>c the effect of 
v ers V lolent sounds ( rulho effect) llic wave of pressure in the endo- 
l)mpli and peril) mph set up b) a sudden, \cr) loud sound may be 
sufficient to stimulate the receptor cells of the scmiciicular canals, 
the uinclc, and the saccule llic subjective sensation is tlicn one of 
vertigo or of a sudden displacement in space 'Flic reflex rcsjionsc 
to such stimulation is a sudden movement of tlic head, such as 
nonnall) lends to comi>cnsatc for an actual sudden cliangc of jxjsi* 
non 111 spice ITic dircrtion and character of the movement dc- 
|K*nd u|K>n which lah)rinlhinc sense organs arc most strongl) 
stimulated Tlie semicircular canals can l>ccomc sensitive to 
acoustic stimulation when the) arc artinciall) exjioscd to it, as, for 
instance, after fenestration oixrralion 'Hiisdoes not mean, however, 
lint sound jicrception is m the natural range of functions of the 
semicircular can.ils 

Dr Alfred ^V'eiu, Lincoln, Masuchusctti: I vsas curious as to 
ti r rehtive role of the visual s)-stem to the hierarch) that )OU Inve 
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descnbed, because of the role visual stimuli may play on postural 
reflexes 

Dr. Gernandt: The position of the eyes is very markedly in- 
fluenced by stimulation set up m the labyrinth This is of obvious 
importance since, as the body moves, compensation must be made 
by the eye muscles in order that the gaze may remain fixed on any 
object In birds and reptiles, most of the compensation is made b> 
the neck muscles, and a bead nystagmus appears during and after 
angular stimulation The visual system was not included in our 
analysis of the hierarchical orderof control overvagal outflow by 
natural or induced activity of different neural structures 
Dr. Ashton Graybiel, Pensacola, Florida One facet which has 
interested us \erj much is whether rather prolonged intense 
stimulation of the vestibular organs would actually affect muscular 
metabolism We have some evidence that this might possibly be a 
fact Do you think this might occur=* 

Dr. Gernandt: I would expect an increase m muscular metabol- 
ism during prolonged vestibular stimulation, but J have no personal 
experimental evidence of that 
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NYSTAGMOGRAPHY AND CALORIC TESTING 

Gi-'NSAft Ascii^s. M D * 


Nvsi \(.\IUS 11 one of ilic inoit important ii^m oljicrvrd in 
tlic clinical otoncuroloi'ical c'caminaiion It nta) l>e ipontaneoui or 
induced l)\ a well definc<I itiroului TIic purpoic of Oils paper ii to 
demonstrate die adsantagci of recording njstagmui In clinical 
praetiec I Ins uork is based on lucKc >eari cvpericncc tn routine 
insiagmograpln in clinical oioncurologieal examinations of 
25 000 patients and normal test subjects 

Otoneurological examinations arc time consuming, and the 
lirsi prerequisite of the technique of nsstagmograph) is that it not 
ttiuluU prolong the cxammation Second, the patient demands a 
lethnique \shich is not disagreeable; and third, tlic apparatus 
should not be too costl> Tlie instrument must also l^e reliable and 
sufTicicntl) eas\ to handle so that any doctor, nurse, or technician 
c.in quickK learn to operate it Last but not least, it should l)c a 
direct ssTiting instrument, as the licit check is ahsajs obtained 
when obscrsaiions of the esc movements arc compared direct!) 
with recordings made b\ the apparatus For reasons to lx? ex- 
plained later, it is also desirable for the technique to permit record- 
ing under dirTcrent visual conditions. 

• Vwociate IVnfntwDr of OioUnTicoIccy L’ppwU Unismiiy, Suntton Jt ihr C3in>e 
of OtnrhinoUrvrieol<»?y Madfrunka Sjulhusri, and Hi-ad Arromrdifjl tjiljorjiory, 
t. pyHiIi t ni\fT»uv Lpyaab Sxrrfrn 


216 



218 .\ni7ologual Jj/'rt'fj ej Auditory ard Vnlihular Dtiordas 

«;e\en casc< out of nine on >«l)om this diagnosis %sas made, n>’siag- 
mus uas botli observed and recorded. 

\Vc use an AC amplifier uith a ttmc constant l>ctucen 2.5 to 3 0 
seconds, which enables us to mamtam a fairlj* stable ssstem. A DC 
sptem would perhaps \ic better in.'ismucli as it would provide infor- 
mation regarding the part of the visual field in wliich the n>-stagmus 
IS lieating, thereby making ii (lossiblc to keep to the old assessment 
of the three degrees of nystagmus as suggested b> Alexander. Hven 
though one can obtain such a DC sj-stem, it is not readily available 
in a standard form suitable for clinical use. It is far more cti>cnsi\c 
than the \C sjsicm and is liable to cause more trouble in routine 
work, especiallj wiili regard to the stability of the electrodes 
S{>ecial research problems maj demand such equipment, but in 
clinical practice we do not think that there is sufficient justification 
for using such costly and troublesome apparatus U'c check gaze 
direction and n>'stagmus in a simple way with the c>es open and 
also record the movement, using the tenn “gaze n>-slagmus “ 
Ciazc n>stagmus behaves quite dilTcrcntly from the usual positional 
nvstagmus as our e\|>eriments witli alcohol n>^tagmus have shown 

\Nlicn using an \C‘ $>5tem with a time constant of about 3 
seconds it is essential to knovv that practicall) all nvstagmus of 
rJjnicaJ significanc e (boili n> siagmus as a .sponianeous sign and that 
induced bv caloric or rotatorv tests) has such a frequency that 
Its slow component can lie evaluated as c>c speed in degrees per 
second 

Hie most simple wa> of testing a recording svstem is to feed in 
a known sign-il” and comp.ire it with the output in the record. 
I his can lie done with the .\C sptem, as shown b> the tv\o fol- 
lowing examples 

I he test subject sits in the crnier of an optokinetic drum with 
narrow white lines on the inside (Fig 1) ’Flic drum is turned at a 
known rate calculated in degrees per second 'Hie test subject has 
previously performed a 10 degree calibration by aliernaiing fixa- 
tion of two jKitnis 10 degrees apart When the drum is turning 
at rales ranging from 2 degrees to 50 degrees jXT second, the dif- 
ferences in the eve sjx-eds of the optokineiically induccii nvstagmus 
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Optokinetic induced nystagmus 

zi/in/vi/ 



Fig t Optokinetic nystaginus right beating to the left of Oie figure left beating 
to the right The rate of the rotauon of the optokinetic drum is given in degrees 
per second and due to the calibration it u possible lo check that the speed of the 
eye in the slow phase of nystagmus u approximately the same as thatoKhe drum 


never exceeds 10 per cent If the stimulus is applied for a longer 
period, or if the revolution rate of the turning lines rises to higher 
values, or if these lines arc broader, fatigue and other phenomena 
interfere The limits 2 d^rces to 50 degrees per second, however, 
cover more than 95 per cent of the eye speeds in the slow phase of 
nystagmus routinely encountered m the clinic 
A similar check can be obtained by allowing the test subject to 
fixate a point rotating eccentrically, for example, 20 degrees from 
the visual axis (Fig 2) When this point makes a full turn at a con 
stant rate of rotation, the result should be a pure sine wave like 
record witli a maximal amplitude of 20 degrees The importance 
of the time constant is seen m the figure in which the record using 
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Oplo ktrtetK checking ol ny»(cgpnogrcph. 

»** t>k*«a • pax* Iwrn nj mm co^Xa'il 

tp*»« •( to p*t ««<«n4 


/ V / \ \ / 
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0 j » n 

tiij 2 Rw rd of f\f «no%rfn<rntJ when fixating a point 20® eccentric from the 
N isuj] xMJ llip point milci a circular inoNTmcnt at a rate of rotation of 60* prr 
treond \Niih j If of ^ second* the sine wa\-e Me record has a lout amplitude 
cl)iei(i40* Wulia fC of 0 t second ihise>e mmeinent is not seen in the record 
(lower curve) 


1 time ml of 3 0 Kccomh i< compiral lo a stmiJir record ujih 
.1 tunc tonstant of 0 I <ccoml, dcmomiratin" ilni 'low |>cntlulir 
c>c movcmenis n' a source of error in a nj'ntjinus record will l>c 
oljxcrvcd wjiIj our icciiniquc In fret, ilic> arc ob'crred b> no 
tncins infrequrntK, and wc can drru certain coiicin'tnn' from 
xucli i record 

I lie t rlilirriion u ixTformcd in Iiqlit with the c>e' open, wherc- 
is moit of tiic record' referred to arc made with iliec>cItdscIo'ed to 
prevent fiixrtion Hie qtiextion aovrs ax to whether a/terrtf xi'iirf 
condition' di'turt) tltc calibration \Vc have found no cMdcncc 
that 'uch an error must l>c taken into account 

I' nv-'tat'mo'^raph) worth the imextmeni of monc) and workim; 
tune in clinical routine’ M> an'wcrisutiequivocall) «n thcafTirina* 
ti\e WIiu xupplcmcntarj iiiforTnation doex nexta^moi'raphj cur 
to the until otoneurolcKiiciI erammation’ Njsta^mtxiraph) ffi'es 
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I have alrcad) stressed several times, but uitlioui givm? an) 
reasons, the importance of having a technique for n>-stagniograph) 
that allows recording under diflerent v isual conditions Tins brings 
me to the practical C'lamination work, and I would like to start b) 
showing what happens when a n>stagmiis alrcad) observed b> the 
naked C)C is recorded under diflcrcnt visual conditions 

K)-stagmus following labjnnthmc destruction will serve as a 
good example The patient in question had a riglit-sided labvrin- 
thcctom) five months prior to these recordings (Fig 3) With 
rrcnzcl’s spectacles no n)'Stagmus was observed or recorded 'Ilir 
calibration shown is the same for the two records taken with onl) 
about a ten second interval In the second curve a marked left* 
beating n)stagmus is evident What actuall) has happcncsl can lie 
seen in the records from tlic same patient vvho had several n)stag- 
mograms made after the lab>nnihcctom) Figure 4 shows (to 
the right) the records obtainctl vvith Frenrcl's spectacles of a left- 
beating n>siagmus graduall) decreasing in intensit) After two 
months practicall) no n)$fagmus is seen or recorded Kccordtngs 
made simultaneous!) with the e)elids closed, however, show (to 
the left in the same figure) aleft^beating n)stagniuswiih the same 
intensit) There arc small variations m mtensit), but the calibra* 
tion curves to the nght show thnt the first and the last records were 
made with a smaller degree of amplification, vvherc.is the ampli- 
fication for the records made ten months after the operation vvas 
rather high The conclusion must be that vvhen fixation is abol- 
ished — and the Frcnzcl spectacles do not fulfil! these demands— the 
same sjionnneous n)stagmus to the left is still present sixteen 
months after operation Comparison between the tvvo senes of 
curves clcarl) sliows vsJnt would have been overlooked if n)stag- 
mograph) had not been used Tlic \ aluc of l>emg able to compare 
sev cral examinations m the same patient, as mentioned prev louslj , 
IS also illustrated (llic figure is taken from a monograph published 
h) \schan, fl a ! 1956 ) 

Jongkccs, ft al ,*> came to the conclusion that mfonnation about 
intensit) of the n)stagmus is essential if a n>-siagmus is recorded 
onl) b\ n)stagmograph) and not oliscrvcd with the c)C when the 
subject IS wcanng I rcnzcl s spectacles 'I his is not cornplcicl) titir, 
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1 t,.i I l I I ■ . I I.I . . ! . « . . I 1 . . . l5«c 

I’i" 1 With «hf fwiiifni’i »hf record »hom a Ifft^bejtm? n)7t»cf»iM 

fne month! after a riphi-Jided }al/)rinthrc(om} With Irrnreli tfwtacle* no 
Dita^muf I* recfi or recordtrJ 


fuui 




An/uyvvvv"TA^ 

1,, .7,., .7 



Hu < rcconl! ai sanou* »n>r» after a rtthi**»d«! li'nrmthfctotm 

'lo the left. >»iiho\Jt ftution the came left brauni; mitacmii! l» *een ur>cluri;rd 
W’lthfrrnrel t rpectacle*, ho'»e\er, ihe H)'»iat 5 mM» diuppear* in a fe^ iwnhi 
due to jupptmion lr> Mnial mflumcr^ (Vrom Aichan »f «/ . A^la Oi^'orj^f , 
Sj{»pl IW. 19S6) 


a% drmoimraietl tn ricurr 4 Tltc lime ihai fla|»<c^ after the nnvt 
of the mti.itjmm is another factor s\hirh is ju«t ar nnportant as 
jnicmiiy. 
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I ha\c alrcacl) stressed sescral times, but \Mthout gnmg an> 
reasons, the importance of hi\mg a technique for nptagmograph) 
that allows recording under difTcrent Msual conditions Tins brings 
me to the practical examination work, and I would like to start bj 
showing what happens when a n>stagmus aircadj observed b> the 
naked c>c is recorded under difiercnt visual conditions 

Nystagmus following labj-nnthinc destruction vsil! serve as a 
good example Tlie patient m question bad a nght-sjded Jab>Tm* 
thectomy five months pnor to these recordings (Fig 3) With 
Frenrel s spectacles no nystagmus was observed or recorded Tlie 
calibration shown is the same for the two records taken with onl) 
about a ten second interval In the second curve a marked left* 
lieating nystagmus is evident What actually has hap{>cncd can lie 
seen in the records from the same patient who had several nptag- 
mograms made after the Iabvnnthcctom> Figure 4 shows (to 
the right) the records obtained vvith Frenrel s spectacles of a Jcfi- 
beating n>stagnuis graduill> decreasing in intensit> After two 
months practicall> no n>s(agmus is seen or recorded Kccordings 
made simollancousl> with the e>ehds closed, however, show (to 
the left in the same figure) a leftdieating njstagmuswiih the siine 
iniensit> Tlicrc are small vanations in mtcnsitj, but the calibra- 
tion curves to the nglii show tint the first and the last records were 
made with a smaller degree of amplification, whereas the ampli- 
fication for (he records made ten months after t)ie oixrauon was 
rather high The conclusion must be that when fixation is alxib 
ished — and the Frenzcl spectacles do not fulfill these demands— the 
same sjxintaneous nj^tagmuj to the left is still present sixteen 
months after operation Comparison Ixrtwccn the two series of 
curves clcnrl> shows what vvould have licen overlooked if n>stag- 
niograph> had not Ixrcn used Tlie value of being able to compare 
several examinations in the same patient, as mentionexl previoiislj, 

IS also illustrated (1 he figure is taken from a monograph pubhshcti 
b> Asclian, et al ,* 1956 ) 

Jongkecs, tt al ,** came to the conclusion that information alx>iit 
mtcnsii> of the n>’siagmus is essential if a njstagnms is recorded 
onl> In n}-stagm«’raph> and not observed with the c>c wlicn the 
subject IS wearing FrcnrcFs sjxrciacles Tins is not completcl) tiue, 
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I If? ^ W ihe paiicnt s irsTJ flowl the rrcord ihoui a left Ijraimt; 
fi\T njoniln after a rt(;tit sided lib>tmthertotii> With Irmrcl* no 

n^'stainnus w »een or rrrordnj 


imn 



■^V/VMvy/Vv^"' 
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liJT 4 .SviiiRmui rc«>rtl» at viwu* riTn after a rt;ht-»jdetJ la*>>7im’jrjio»3> 
To the left uxhoui ftxaunn the ume left Itratme n>>ut;tnu> t» »een Hnfhjnf»sJ 
With frenreJ I iprctaeJe* howeser the nwacmui diwppearr in a few rvinthi 
doe to luppresiton fry >imal infitimcr*. (from Aschan tfal i.fj OleJa^j^c 
•JuppI 129 1956 > 


. 1 ^ dcinonsimictj in I ii?urr 4 Tlip time tint rJipsM nftrr tJir onvt 
of iltc is .mother factor sshich m ju»t .k imfKjrnnt as 

mtcmiiN. 
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/ iC ■» bfiiins fiMiismu* influ^nrcd In p’Miiion S ea nipm^, K •» rnjhl 
Ijtrrjl and I - Ic/c I itrr jl |>->Mii<>n «>f tlic hrwl IS nh I rrivrl f iprcucirs thr 
Irfl liraiint; n\iuctnm ♦«•(» and M^»rdfJ Inn ilie drctrav in inifniii^ 
nufkrti when fompjrin? ih«* «-<irmp»mlinc inctnci inarkrtl R and L Tlie 
rcctirtli «crr nude a IrM dan after an acuir onvt of \rriii?o 


Still another rrvr\.jtion inii<t Ik* made If ihr omcl of npiai’tntis 
1 ^ .u utc as in a rase where a lalnrinthccioms Ins Ixren i>erfonriecl, 
an acute attack of Mtmercs sitscasc, or n va'ctilnr lesion in the 
central nersous sssteni mst it;moi;ra|>h\ is not neeiled in order 
to oliserse the instaijuinus at iis on^l .\s cirl) as n frs\ di>s after 
on«et. however, the fniieni mas ln\c learned to siifipress tlie 
mstatjinus J)\ fixation In several instances, however, tlic nvstaqfiius 
has no acute sji;»e hv this I mean tint the onset cannot lx* cstali- 
lis*ied at a certain fixetl point in time Since the iinjont> of oto- 
neurolottical e\ iinin itions jie coriccrnesl with cases such as these, 
the risks of overlookin',’ nwiattmtis are tremendously increased 
\nother point to l>e considerrtJ is tint piliriits with vertiito are 
usinllv rrferml for otoneiirolwinl exnmiintion r.ither late in the 
rourse of this disc iv Jt is also i fact th H the same tmnifestnions 
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Fig 5 Left beating nystagmus influenced by position S ^ supine, R. « right 
lateral and L = left lateral position of the head With Frenzel’s spectacles the 
left beating nystagmus was seen and recorded but the decrease in intensity is very 
marked ivhen comparing the corresponding tracings marked R and L The 
records ivere made a few days after an acute onset of vertigo 


Still another reservation must be made If the onset of nystagmus 
IS acute, as in a case where a labyrmthectomy has been performed, 
an acute attack of Mdmere’s disease, or a vascular lesion in the 
central nervous system, nystagmt^raphy is not needed in order 
to observe the nystagumus at its onset As early as a few days after 
onset, however, the patient may have learned to suppress the 
nystagmus’by fixation In several instances, however, the nystagmus 
has no acute stage, by this I mean that the onset cannot be estab- 
lished at a certain fixed point in time Since the majority of oto- 
neurological examinations are concerned with cases such as these, 
the risks of overlooking nystagmus are tremendously increased 
Another point to be considered is that patients with vertigo are 
usually referred for otoneurological examination rather late in the 
course of this disease It is also a fact that the same manifestations 
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Fir 6 RiRhl bcaiing nystagmus tight years after a Jtfi sided Ijbynndiectomy 
recorded only with (he eyelids shut 


demonstrated m patients following labyrinthine destruction also 
occur in patients uuh central lesions figure 5 shows recordings 
from a patient with hypertonia who, a few days before the first ev 
amination, had an acute attack of vertigo, headache, and vomiting 
shortly after her financial affairs iiad been investigated by the tax 
authorities A few days after falling iH she was found to have a 
nght-beating, positionally influenced nystagmus which could also 
be recorded with Trenzel’s spectacles but at a lower intensity 
Two weeks later almost nothing was recorded when Frenzel's 
spectacles were used, but with the eyelids closed the same degree of 
nystagmus was recorded as before Approximately six weeks after 
the onset of the vascular attack, a !eft*beaiing, positionally in- 
fluenced nystagmus still remained but with a decreased intensity 
Nystagmus would not have been observed in either of these last 
two examinations if Frenzcls spectacles alone had been used 
As a final example of the influence of Msua! conditions in tlie 
recording of vestibular nystagmus, I would like to show some 
records made eight years after a left sided labynntlicctomy (Fig 6) 
Only with the eyelids closed is ihc spontaneous nght-beaiing nys- 
tagmus due to the left-sided tabynnthute destruction still evident 
During an attack of Mdnicrc’s disease nystagmus is always pre- 
sent and easy to obsciwe directly, however, wlien the eyelids arc 
closed, a marked increase in the intensity of the nystagmus results 
(Fig 7) It has previously been accepted that ilic nystagmus seen 
during an attack is present only at that time In 1957 ^sdlan and 
Staiilc" disproved this theory and showed that ilie nystagmus only 
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Fig 7 Left beating nystagmus during an attack of Meniere s disease The arrow 
indicates when patient closes eyelids and the result is a marked increase in the 
intensity of nystagmus 


seemed to disappear, and diat spontaneous or positional ny^stagmus 
recorded with the eyelids closed could be observed for days and 
sometimes weeks after the end of the attack Similar observations 
were also reported by Jongkees, et al in 1962 

The general rule for vestibular nystagmus is that fixation inhibits 
nystagmus, as demonstrated in several figures already presented 
There are, however, other forms of nystagmus in which the cause 

Case7(l 


Case 739 
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Fig 8 Tracings from three patients with ocular fixation nystagmus fuidicates 
that the pauent fixates | that die eyes are closed 
Note the high frequency and monotony ofthc nystagmus recorded only with open 
eyes Comparisons with all the other examples of vestibular nystagmus records 
demonstrate how typically this ocular nystagmus behaves m the record 
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Case 847/59 
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Fig 9 Caloncady induced nystagmus During the period marked open eyes 
the patient fixates and the decrease tn intensity is easily seen Time marking 
refers to start of the thirty second period for the irrigation 


IS to be found in the eye or the mechanism coordinating the eye 
movements, a condition often mcorrectly designated as “con- 
genital nystagmus,” but the proper terra should be “ocular nystag- 
mus ” The most typical oculair nystagmus is the fixation type 
in which the cause is to be found in the eye, the best known being 
exhibited by albinos It is not possible for them to fixate and 
they compensate for this by very rapid eye movements which dis- 
appear when the eyelids are closed The congenital defect is in the 
pigmentation of the fundus and the nystagmus is only one of many 
symptoms Fixation nystagmus belwves in such a typical ivay and 
usually has such a high frequency and monotony that it can be 
diagnosed in a record made with quick changes from fixation to 
nonfixation, j r , by closing the eyelids Three typical records 
Irom three different patients arc shown in Figure 8 

What fixation means to caloncally induced nystagmus can easily 
be demonstrated by recording when the eyelids are closed and 
then allowing the patient to fixate for a short period (Figs 9 and 10) 
During the time marked “open eyes” in Figure 9, the patient 
has fixated on a point a few meters away In Figure 10, the re- 
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Fig 10 Caloncall) induced nvstagmus recorded under same conditions as m 
Figure 9 Open eves means looking up under Frenzel s spectacles 


cording has been made with the patient ueanng Frenzel’s spec- 
tacles when the e>es were opened Both figures show that with 
the e>es open the regular, well defined caloric n>stagmus prac- 
ticall> disappears Wlien the e>es are again closed, the c^oric 
nystagmus, which is eas> to sec and evaluate, reappears This 
IS what happens as a general rule when visual influences disturb 
an induced n)stagmus Sometimes caloric n>stagmus does not 
appear under the usual test conditions, but if the patient has 
some sort of arousal effect such as solv mg a mathematical problem, 
a normal n>stagmus is recorded (Fig 11) Another phenomenon 
very closely related to this arousal effect can be observed during a 
positional test An irregular pendular e>e movement without 
n)stagmus is shown on the record but different arousal stimuli 
cause this slow sine wave-hke record to change to either a njstag- 
mus or to a normal regular record without njstagmus Aschan, 
Hagbarth and Finer*" were able to demonstrate that it is possible 
to elicit slow pendular e)e movements of this kind b) means 
of deep hypnosis, whereas thc> were absent when the test sub- 
jects were in a normal state of wakefulness (Fig 12) In clinical 
routine this phenomenon is observed fairly frequently in patients 
with slow cerebration or brain tumors or while under the influence 
of certain drugs 
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Arousal during caionc test 






SO 85 too W$ 110 m 

( 1 I I i; I 

1 ig U The upper iracing sho%\s pendular eve mosementj before irngtiion 
Iklow a tracing is seen from a caloriration first sSovsing a few Wau to the rn;hi 
At the arrow tlie patient is given a maihematicat problem which produces an 
arousal elfect and the intensity of the nystagmus changes lo a more normal 
caloric response 


ExpPN 27 5 59 



Hg 12 Tlic upper tracing shows a normal record without nysDgmus and no 
pendiihr eye movements Below the same test conditions but with the test subject 
in deep hypnosis Typical sine VNavchke record vsluch disappears on arousal 
sumiiU 


In 50 to 60 per cent of all norm'll subjects extreme crccntnc 
lixition of the c>cs from the \isunl axis tcsiiUs in a nystagmus 
beating tn the direction of fixation Bxran)'* made tins obserxa- 
tion as carl> as 1906 Tlicrc arc gndinl transitions from this 
phwiologica! gi/c nystagmus to paihologictl forms lacpcn- 
mcius with alcoliol intoxtcxtion m nomnl subjects arc cspeciall) 
instructiNC (Fig I3a) Controls before intOMcation show tint no 
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Fig J> 

Fig 13a) Exp 58 Upper a gaze tcsisiowing large deviations bat no nystagmus, 
when lest subject changes gaze by 30“ eccentrically Lower the same test con 
ditions but with subject severely intoxicated and having difficulty in fixatmg 
b) Exp 146 When subject is intoxicated there is marked alcohol gaze nystagmus 
but no positional nystagmus with the same degree of eccentric hxaiion c) Case 
851/59 This recordingshowsa left beating positional n>stagmus and only right 
beating gaze nystagmus. 

gaze nystagmus is present when the subject is looking about 30 
degrees eccentrically Such a test is shown m the upper record in 
Figure 13a When the subject is intoxicated, however, the same 
degree of eccentric fixation reveals a marked nystagmus It is 
essential to know that gaze nystagmus follows quite a different 
pattern from the better known positional alcohol nystagmus (Fig 
13b) This figure shows a marked alcohol gaze nystagmus but no 
positional nystagmus A single dose of alcohol gives quite a spe- 
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cific picture with respect to positional nystagmus A maximal blood 
alcohol concentration above 0 03 per cent produces two very well 
defined phases of positional nystagmus, the second phase lasting for 
hours after all alcohol is out of the blood Alcohol gaze nystagmus, 
however, appears only at rather high blood alcohol concentrations, 
i e , about 0 09 per cent, and is present only as long as the blood 
alcohol level remains above this threshold Systemic study shows 
that the two types of alcohol nystagmus mentioned are obviously 
two different phenomena having very little or nothing in common 
except that they can both be caused by alcohol In view of this 
evidence it seems hazardous to retain Alexander’s old classification 
of thiee degrees of vestibular nystagmus This is also emphasized by 
the recordings showing a left beating positional nystagmus and only 
a Tight'beatmg gaze nystagmus (Fig 13c) 

The caloric test is most important in the clinical otoneurological 
examination since it provides potentialities for topographical diag 
nosis Brown-Scquard * was the first to describe the caloric test m 
man Barany ** ® however, was the first to stress the clinical value 
of the reaction, and his theory that thermal currents in the endo 
lymph of the semicircular canals resulting in cupular deviation as 
the cause of caloric nystagmus is still generally accepted 
Various techniques for syringing have been descnbed, but today 
most clinicians use the Cawthorne Fitzgerald Hallpike'* technique 
published in 1942 Their contribution to clinical otoneurology has 
undeniably been one of the most valuable m the last few decades, 
and with minor variations this technique has been used at the 
Uppsala clinic for fifteen years Since one of the members of tlie 
National Hospital team Mr Cawthorne, will speak later on, I will 
restrict my presentation to the importance of nystagmography in 
the caloric test and will attempt to show that it actually is an ad- 
vantage to record calorically induced nystagmus 

The aim of the caloric test is to determine whether the labyrinths 
respond to caloric stimuli, as they normally do, and whether each 
of the two labyrinths gives equal nystagmic responses under 
identical test conditions If asymmetneal responses are obtained, 
the caloric test makes it possible to determine whether the asym- 
metry IS due to reduced peripheral labyrinthine function or the 
cause lies in disturbances m the central vestibular pathways 
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Tig 14 Aba^tf C'vo cold syrmgmg calongram? seemingly identical and mill an 
asymmetry (Two different patients ) BeJott the complete calorigrams for the 
l\vo patients showing tjmte different pictures To the left a right sided canal 
paresis (right sided Meniere s disease) to the right a directional preponderance 
to the right (central vascular lesion) This demonstraies the necessity of using 
both cold and hot stimuli lo obtain a correct diagnosis 


The only means of obtaining this dtnerential diagnosis is to s)nnge 
both ears, one after the other ivtth cold svater, and also tvith hot 
water, producing ampullofugal as well as ampuHopctal cupular 
de\iation, according to tlic theones of Bilrdny As confusion on 
this point often arises, I would like to show calongrams from two 
difierent patients (Fig 14) The first two diagrams (top right 
and left) show that cold syringing of the right ear gives shorter 
duration of the Icft-beating njstagmus as compared to tlic right 
beating nystagmus induced by the same stimulus applied to the 
left ear The only conclusion which can be drawn at tins point 
of examination is that asymmetry is present, but nothing else can 
be said Tlic second and third diagrams (right and left) show the 
complete test with both hot and cold water 

In the first patient, who had a classical history of right sided 
Meniere’s disease, the nystagmus induced in the nglit ear was of 
shorter duration tlian in the left ear regardless of ilie stimulus 
applied Only after all four synngingshnc been performed is it 
possible to sa> that the cause of the caloric asyanmetry is to be 
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found in the nght lab>Tinih or nerve {canal paresis in the Ca«thome- 
HallpiLe nomenclature) 

The second patient was a man with normal hearing and hj’per- 
tonia who had had one acute attack of vertigo, and in this case the 
complete calongram is quite different The s^-nnged ear does not 
give the as>-mmeir) but rather the direction of the induced nystag- 
mus Right-beating nystagmus, independent of which ear has been 
stimulated, is always of a longer duration than left-beatmg nystag- 
mus It IS a central asymimetry m the labynnthine tonus that is 
present — what Cawthorne and Hallpike designate as directional 
preponderance to the nght — and the caloric test provided the only 
objective neurological evidence of the vascular lesion suffered by 
the patient These two examples make it clear whv cold as well as 
hot syringing must be performed 

Cawthorne, Fitzgerald and Hallpike’* made all their examina- 
tions with direct observation of the eyes They were thus able to 
measure only the duration of the caloncally induced nystagmus 
Nystagmography makes it possible to assess the response not only 
in respect to its duration but aho with respect to other factors The 
frequency of beats the total amplitude in the rapid phase, and the 
eye speed in the slow phase can be readily obtained from the 
record Asymmetries can be measured in several parameters, and 
in mam cases this can be of great value m supporting the signifi- 
cance of an asymmetry or in pointing out that it might be false due, 
for example, to anatomical differences between the two cars which 
had been overlooked 

\fter syringing normal test subjects for 40 seconds with vvatcr 
ai +30° C and +44° C. Cawthorne Fitzgerald and Hallpike” 
obtained mean values of 120 to 100 seconds for the duration of 
nystagmus Lnder the same test conditions, but with syringing 
only for 30 seconds and using nystagmography. Avchan, et al , 
showed a mean value of 170 seconds for the duration with both hot 
and cold syringing (Fig 15) These 50 per cent higher v alucs despite 
weaker stimulation provide another indication that nystagmog- 
raphy with closed eyelids eliminates fixation and thus gives a 
vestibular nystagmus ibat is less disturbed bv vnsuil influences 

It IS essential to know the normal variations of caloncally in- 
duced nystagmus Absolute values provide almost no information, it 
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Fig }5 Duration of caluricj!]) induced n)jtagmuj in norma] material r(';>rr«c‘r>t 
mg ages from t\\cm> five to fifty >caf» 

IS ihc asymmetnes that arc significant CNprcssions such ns hyper* 
stnsitiMiy sound scry pccuhar to me althougli they occur from 
time to time in tlic literature 

’I he usual svay to judge whether a canal paresis is present is to 
add the \alucs for syninging the right car to those obtained from tlie 
left car and then subtract the two sums A dtrcctiomJ preponder- 
ance IS detected by adding the cold sjTinging s.nlucs from the right 
car to the hot synnging salucs from the left ear to give one sum, 
and the two remaining salucs to gisc another sum, and then one 
sum IS subtracted from the other Usingthcicchniqueof Cawthornc, 
and HaJJpikc, difTcrcncci up to 40 seconds arc accepted as nor- 
mal sanations By using nysngmognpliy, this value is incrcascil 
to 60 seconds, alihougJi tlicrc Jias been some divergence of opinion 
regarding this point 

In “nonml” material presented b\ Jongkccs,** in 1948, 17 per 
cent of lus “nomnls” show-rtl directional preponderance Schier- 
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Case 335 

CXjration in seconds 



Number of beats 




fig 17 A case of left sided canal paresis presented Midi all the parameters 
obtained from the n)'3t3gnius records The) arc all sunilar and thus support each 
odier and (he diagnoses 


Ustng the HalJptkt diagram for calonntion, a complete caloric 
tc’it can be demonstrated tn the following manner (Hg 17) The 
Icft-stdcd canal paresis is seen in the comcntional wa> in ilic top 
diagram Tite other three diagrams in the same figure arc all prac- 
tically the same, thus supporting the diagnosis In a case of direc- 
tional preponderance where the dificrcnccs of duration arc just at 
tlic limits of normal tanattons, the diagram for the miximum eye 
speed, in particular, shows that directional preponderance must be 
suspected (Tig 18) 
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Fig 18 A case of directional preponderance to the right with an as>mincir) just 
on ihc limits of normal \ariations The other parameters obtained b> n>stagmog» 
raph> however and especiall) the calorigram for the maximum e>e speed, make it 
clear ihai a direclional preponderance must be present 


> 

Fig 19 Anal)sn of a caloric test in a patient with a right beating spontaneous 
nystagmus (e>e speed 3’ to 5* per second) marked wtih sliading Tlie eve speed In 
the calonc test is given as mean values for ten-second periods The llallpike 
diagrams below refer to scheme above The duration calorigram at this examina- 
tion indicates a direcoonal preponderance to the left, but the other parameters 
indicate a left-sided paresis Later the duration changed to the same and the 
diagnosis was a left-sided vestibular neuronitis 
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The real advantage of n>stagmograph> during the caloric test, 
however, appears when a n>stagnius is present prior to the calor- 
ization First, the nystagmus can easily be o\erlooked when the 
examination is made with Frenzel’s spectacles alone, as already 
demonstrated in se\eral records Second, if the nystagmus is 
observed visually only, then only subjective estimates can be made 
about how this nystagmus eventually changes intensity or beating 
direction An objective recording makes it possible to calculate 
variations in the intensity and the time course of such variations, 
using the intensity of the already existing nystagmus in the test as a 
reference value 

Usually when no nystagmus is present in the position for the 
calonc test changes in maximum eye speed arc so marked that a 
mere glance at the records shows the differences When nystagmus 
is present prior to the calonzation it may be necessary to make 
calculations from the records plotting them in a special diagram 
Two examples provide illustration In Figure 19 the values from a 
patient with a left sided vestibular neuronitis are demonstrated 
The shaded area indicates the intensity of spontaneous nystagmus 
at about 3® to 5® per second eve speed The doited curves show the 
intensity of the calorically induced nystagmus The nystagmus 
duration values from the calongram indicate a directional pre- 
ponderance to the left but from the total amplitude and the maxi- 
mum eye speed allowing for the intensity of the spontaneous 
nystagmus a left sided canal paresis is indicated The duration thus 
gave an erroneous result at this examination shortly after the onset 
of the illness while the intensity actually gave a truer picture At a 
followup examination three months later the duration also indi 
cated a left-sided canal paresis Another example, showing a 
directional preponderance to the right, is seen in the patient's 
records shown in Figure 20 Tlic directional preponderance is 
quite clear from the Hallpike diagrams, especially when the maxi- 
mum eye speed is studied Tins patient had head trauma and was 
addicted to alcohol and barbiturates He had a right-sided oc- 
cipitotemporal focus recorded by LEG The caloric findings and 
the positional nystagmus with the cvelids closed were the only 
objective neurological signs His recovery could also be followed 
objectively bv repealed examinations during his hospitalization 




Fig 20 A directional preponderance lo ihe right with spontaneous nystagmus in 
the posiuon for the caloric test The shaded area indicates the spontaneous nvstag 
mus as m Figure 19 
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Case 163/63 



Coloric t*sl 
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Fig 21 Above a positional!) influenced right beating mstagmu* recorded onl) 
with closed c>clids Thcrccordsof ihecaloncal!) induced n>siagmus sixty to ninet) 
seconds after starting the sYringings show a much higher intensity of right beating 
nystagmus compared to left beating indicating a directional preponderance to 
the right (no spontaneous n> stagmus present in the position for the caloric test) 

As a final example, I would like to show another typical finding 
(Fig 21 ) The records are from a patient complaining of headache 
TTiere was a history of a single grand mal comuJsion A patho- 
logical EEG tsas the only abnormality noted in scseral extensive 
neurological examinations Oioneurologtcal examinations per- 
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formed at other hospitals uerc also negative A conventional oto- 
neurological examination without nystagmography showed no 
spontaneous or positional nystagmus, and the calorigram was just 
within normal limits Nystagmography, however, established a 
positional nystagmus beating to the right in the lateral positions of 
the head The calorigram calculated from nystagmus records 
with the eyelids closed sho\ved a directional preponderance to the 
right, and a direct comparison of the nystagmus records made 
sixty to ninety seconds after syringing was started showed im- 
mediately the higher intensity on all right beating nystagmus com- 
pared to left-beating nystagmus As the calibration scale is the 
same and no nystagmus was recorded in the position for calonza- 
tion, the curves can be compared directly From the presious 
records showing positional nystagmus, it is worth pointing out 
that the beating direction of the positional nystagmus and the 
direction of the directional preponderance are the same Neuro- 
radiological examination revealed a brain tumor in the right 
temporal region, which waspro\ed by biopsy to be a glioma 
Perhaps I should comment briefly on the first part of my pre- 
sentation regarding spontaneous and positional nystagmus m rela- 
tion to the second part concerning the caloric test When using the 
technique of nystagmography, the elimination of visual influences 
on vestibular nystagmus results in a more than ten-fold increase of 
positive findings The last case described is one example of the 
inadequacy of caloric testing alone ft is essential to recognize that 
the increase in positive findings in positional nystagmus often 
occurs in cases that otherwise have a calonc asymmetry as the 
only positive otoneurological sign On the other hand, we fre- 
quently find only positional nystagmus without asymmetry m the 
caloric tests Aschan, et al ,* Stable,” and Jongkees, el at found 
positionaf nystagmus in norma/ subjects to be extreme/y rare, oc- 
curring in about one per cent of cases Aschan* reported that of 100 
patients showing positional nystagmus as the only otoneurological 
finding, 68 per cent had barbiturates m the blood, with 42 per cent 
having a concentration of 1 mg per cent or more 

It IS also known that the use of many other common drugs and 
alcohol result m positional nystagmus, pendular e>e movements (as 
demonstrated in the sine wave type of record), and the arousal 
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effect also previously mentioned All these factors make interpreta- 
tion of the otoneurological examination rather difficult, but 
nystagmography, especially when used by the method descnbed, 
can be of valuable assistance to the examining doctor All the 
records shown emphasize that an otoneurological consultation 
can be presented to colleagues in easily explained records as uell as 
contribute considerable information of diagnostic value 

With more widespread interest in nystagmography, it %%ould be 
of great help if similar recording systems could be used universally. 
The results from different clinics and different investigations could 
be correlated more readily This would perhaps be one way of 
making the otoneurological examination more objective and in 
bringing it nearer to the level of the clinical and audiological 
examinations with respect to other aspects of labyrinthine function 
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DISCUSSION OF CHAPTER X 
Dr. Jorge Corvera, Mexico, D F.* Would Mr Cavvthorne or 
Dr Aschan care to comment about their experiences with the 
rotating accelerating chair and its practical usefulness for clinical 
diagnosis’ 

Dr. Guenar Aschan, Uppsala, Sweden: TTie whole idea in ray 
presentation was to show that you could reduce the number of 
diagnostic procedures, but when doing so, you must gam in other 
ways, particularly by being more objective and more careful in 
TeccftdiTig Trys'i'a'gm'cts 

Insofar as the rotational lest is concerned, tve used it for about 
SIX years in practically every case that we examined, but after 
following about 5,000 cases, vve found that we had not gained any- 
thing from cupulometry that vve could not obtain from the caloric 
test On the other hand by depending upon sensation alone, as 
recommended by the Utrecht group, we could miss severe com- 
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plications such as a complete labyrinthine destruction, which 
^vould be absolutely impossible when using the Hallpike test For 
this reason we use the calongram alone, just as described by the 
National Hospital team, because it gives us more from a clinical 
point of View, both quantitatively and qualitative!) The test is 
easily applied and causes little discomfort to the patient 

Mr. Terence Cawthorne» London, England* Might I just add 
something to that’ 

The essential difference between the two tests is that with the 
caloric test you are testing one labyrinth at a time, whereas with 
the rotational test, both labyrinths are stimulated simultaneously 
We have used the rotation test quite a lot and we agree with Dr 
Aschan and his co workers that it is not as practical as the caloric 
test for everyday clinical work I think the same thing applies to the 
Utrecht method with cupulometry, which is very interesting and 
has received a lot of attention It is still not used a great deal in 
everyday clinical work because the procedure is too long and too 
complicated Although vve have the rotational cliair and use it at 
times for investigative work, ue tend to rely on the caloric test in 
the clinic 

Dr. David A Dolowitz, Salt Lake City, Utah. 1 would like to 
ask Dr Aschan whether he feels that his tests are working because 
the eyes are closed or because visual stimulation is removed, in 
which case the test could be done in the dark just as well as with 
the eyes closed 

Dr. Aschan; The test can be done in the dark if one prefers and 
the same record will be obtained We have checked recording with 
closed eyes, or with open eyes in the dark, or with Frenzel’s glasses, 
but only the first two test conditions vvill giv'c similar records by 
virtue ofefimination oftixalion We fiave pubfisfiecf several' record's 
under these different test conditions I feel that it is better not to 
have the room too well lighted and ask the patient to close the eyes 
When there is a question of vestibular neuronitis tiic correct 
diagnosis is essential because whatever one does, the patient will 
recover 
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VESTIBULAR SICKNESS AND SOME OF ITS 
IMPLICATIONS FOR SPACE FLIGHT* 

Ashton Graabiel Captain MC USN** 


Ihe adv ent of manned spncc flight has posed probJems centering 
around the unique gravitational mental force environment to be 
expected aloft including prolonged exposure to 'veightlessness or 
to a constantly rotating environment, if it is decided to generate 
an artificial field force by causing the vehicle to spin It is essential 
that no one be sent aloft who will be handicapped by functional 
symptoms arising out of exposure to these force environments, and 
this presents a far more rigid requirement than has had to be met 
hitherto 

The dual purpose of this report is to summarize some of our 
recent investigations dealing with functional disturbance of ves 
tibular origin and to point out their rele%ancy to manned space 
flight These studies have been planned in the light of background 
knowledge of the vestibular organs*"* and their relation to motion 
sickness ’ but differ from most studies tn the past in the fuller 
exploitation of constantly rotating'^ ** and counterrotating en 
vironments** and in the use of subjects With vestibular defects 
Tb/c. xx.’p/Ml OTAw.Vj vrfss 'paste ’A'*, fost.. wvtb. 

symptomatology resulting from brief exposure to different force 

’This research was conducted under the sponsorship of the Office of Life Scie ce 
Programs National Aeronaut cs and Space Adm nistrai on (Grant R 47) O mions 
and conclus ons contained m th a reaort are those of the a ithor and do not oecessinly 
reflect the views or endorsement of the Navy Department 

•’Director of Research U S Naval School of Aviation Medicine U S Na/al 
Aviation Medical Center 54 Pensacola Florida 
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environments, the second part with the time course of the appear- 
ance and disappearance of symptoms with prolonged exposure in 
the Slow Rotation Room (SRR) 

EXPERIMENTAL SUBJECTS, FORCE ENVIRONMENTS, 
AND PROCEDURES 

Subjects 

One of our most valuable assets is a group of deaf persons with 
bilateral labyrinthine defects hereafter termed L*D subjects The 
clinical findings m our mam group of eleven subjects arc sum- 
manyed in Table I Some arc instructors in schools for the deaf 
and others are students or graduates of Gallaudet College It is 
noteworthy that two give a history of mild motion sickness under 
a specific circumstance One suflers from acrophobia five have 
residual hearing at high noise levels, one may liavc minimal 
residual function of the canals, and one other may possibly have 
residua! function 
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An attempt*® was made to evaluate the functional status of the 
otolith organs The counterrolling index, calculated as one half 
the difference between the greatest mean right and greatest mean 
left torsion, ranged from 53 to 176 minutes of arc, while in one 
of our groups of normal subjects it ranged from 286 to 465 The 
results of a second test of otolith function, based on the oculogravic 
illusion, are described elsewhere and reveal some overlap with the 
normal range and greater individual variance than was true for 
counterrolling Although the full significance of these findings is 
not known, the likelihood exists that some of the L-D subjects 
have residual function of the otolith organs This is supported by 
the findings in the case of a medical student, aged twenty-two, 
who had suffered an injury to the right ear as the result of a fall 
when four years of age Our attention was drawn to his case when 
he failed to experience symptoms of vestibular sickness m the SRR 
at 20 rpm He had no complaints, and ivas not limited m sports 
or under any handicap of which he was aware Hearing was much 
reduced in the right ear and the caloric test revealed no response 
to irrigation with cold (about 4® C) water The counterrollmg 
index was 164, which was below the value obtained from one of 
the L D subjects The important point is that this subject with 
normal hearing in the left ear and a normal response to caloric 
stimulation almost surely had normal otolith organs on that side 

Normal subjects fell into three main categoncs, designated 
‘ regular subjects," "student subjects,” and "aviators ” The regular 
subjects were young men in their late teens or early twenties 
assigned to the laboratory for the express purpose of participating 
m experiments Some of these subjects had never experienced 
motion sickness prior to this assignment, and advantage was also 
taken of their unsophistication The student subjects consisted of 
men who had finished one, two, or three years of medical school 
and had been assigned as summer residents with the rank of ensign 
All of the subjects in these two groups were healthj and free from 
vestibular defects as determined by audiometric and caloric tests, 
and, in most instances, by the counterrollmg and oculogravic tests 
as well The third category consisted of flight students, naval 
aviators, or test pilots, all of whom were healthy and had normal 
heanng Some participated in screening or susceptibility tests, and 
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functional tests of the canals and otoliths \vere not earned out 
Those used in mvestigatue studies were careful!) tested with 
respect to function of the semicircular canals but not alwa)s with 
respect to the otolith apparatus 

Force Environments 

Man’s gravitational inertial force environment’* has its genesis 
in gravity due to a central field factor and the accelerations man 
experiences as a result of change in velocit) or direction of motion 
It IS the force to which man has become adapted throughout his 
evolutionary development and to which he is accustomed through 
experience Change in position of the body with respect to gravity 
introduces dynamic effects similar to those if the direction of 
gravity has changed with reference to man 

Experiments m a rotating environment were conducted in the 
SRR, which has been described in detail elsewhere The angular 
velocity ranged from 1 0 rpm to 20 0 rpm There were a number 
of important advantages in using the SRR The angular velocity 
could perfectly simulate angular velocities which might be used 
aloft even though certain aspects of the two force environments 
were different The level of stress covered a range at which the 
most susceptible persons were practically symptom free, and at 
the other extreme the least susceptible, vMth one or two exceptions, 
could readily be made sick A third great advantage was in having 
an experimenter with the subjects Long-term experiments, in- 
cluding studies of adaptation, were possible because the size of 
the room allowed adequate space for housekeeping facilities 
Finally, the stimulus to the semicircular canals, Coriolis accelera- 
tion, was under absolute control insofar as it was generated only 
when the subject’s head moved out of the plane of rotation of the 
room iVear the center of tiic room tfic magnittraV of ffie jSjfCc 
stimulating the gravircceptors, including the otolith apparatus, 
was very small 

The so-called dial test was used to standardize the stress a sub- 
ject experienced Tlie subject was required to set the needle on 
the dial at a given number, on signal Tlie dials were so placed m 
relation to the subject when seated that he was required to move 
the head and trunk to five dificrcnt extreme positions which maxi- 
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mized the Coriolis stimulus to the canals A sequence consisted in 
setting five dials, one every six seconds, followed by a six-second 
rest period In screening tests the subject was requested to complete 
four sequences, but at other times as many as twenty 

Experiments utilizing the counterrotating room were conducted 
in the vestibular facility at the Canadian Defence Research Medi- 
cal Laboratories m Toronto, Canada This room consisted essentially 
of a secondary turntable mounted on a centrifuge of short radius 
and which, by means of a direct mechanical linkage, always 
revolved at the same rate as the mam centrifuge, but in the opposite 
direction The subject, therefore, was not exposed to angular 
velocity except that which might be generated by his own move- 
ments This de\ice had the double advantage of allowing the 
experimenter to prevent any stimulation of the semicircular canals 
while at the same time the gra\ ireceptors, including the otolith 
apparatus, were subjected to an unusual pattern of stimulation 
Exposure under these conditions might have relev ancy to exposure 
to weightlessness in that the inputs from the semicircular canals 
were similar and presumably normal, and the inputs from the 
gravireceptors, including the otolith apparatus, were unusual 

This device has many of the advantages of the SRR, but with 
the use of a two foot radius the magnitude of the forces was not 
great even at 30 rpm, and many subjects were not stressed to the 
point where significant symptoms were perceived or displa>cd 
In an effort to exaggerate the symptomatology, the subjects were 
requested to rotate the bead in different directions in random 
fashion and upon occasion they were requested to wear glasses 
containing 15 prisms 

Some use was also made of the force environments generated 
by a C-131 aircraft during Keplenan trajectories," by an A-IE 
(AD-5) aircraft which exposed the subject to standardized aero- 
batic patterns for thirty minutes, and those generated at sea in a 
small boat Standardization of the force environment generated 
by the small boat was impossible although an attempt was made 
to do so Also lacking were the great magnitude of displacements 
of a large ship in a heav'y sea and their effect on the visual and 
force environments 
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Factors Other Than Force Environment 

These fell into two catcgones 1) nonforce emironmental factors 
such as visual framework, noise, odora, atmosphere, hsmg space, 
social factors, et cetera, and 2) the state of anxiet), alertness, 
Jieahh, and motivation of the subject These factors were either 
taken into account or manipulated in different CKperimental in- 
vestigations 

Procedures 

No attempt will be made here to describe the apparatus used 
inasmuch as this has been done elsewhere However, it is worth- 
while to mention briefly our experience in the development of case 
report forms which have rather general app!icabzht> These are 
undergoing constant revision and will be discussed mainly in 
terms of the purposes they serve 

One IS a four page “motion sickness” questionnaire with open- 
ended features It attempts to identify and quantify the subject s 
past experiences under 1) experimental circumstances, and 2) non- 
experimental conditions in which he has been passively exposed 
to different force and visual environments A second category 
empiiasizes activities in which he was an active as well as a passive 
participant Provision is made for expressing pleasurable as well 
as unpleasurable reactions and experiences He is forced into rating 
himself not only on an absolute basis but also with reference to 
others The examiner is ex^pecied to rate the subject as to whether 
his experience has been adequate or to indicate that the rating 
is made with a reservation based on the extent of the subject’s 
past experience 

A set of forms has been prepared, one or more of which is now 
used in connection with every experiment The first form is termed 
dic “subject’s pre-expcitmcntstKm enfenteit,*’ mdi 
features for the purpose of determining if the subject is fit for 
participation This covers not only Ins medical status but Ins 
physical and psychological fitness as well The experimenter is 
forced to rate the subject as 1) unfit to participate for reasons of 
health, 2) fit to participate but the results cannot be used m the 
designed expenment, and 3) fit to participate and the results vvill 
be used in the designed experiment The subject is required to 
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indicate the degree of his concern over the forthcoming experi- 
ment and how he expects to perform in comparison with others 
Two forms have been prepared for the use of the experimenter 
alone, one centenng around the period m which he observes the 
subject undergoing the stress, and the other centenng around the 
recovery period following the test Somewhat similar forms have 
been prepared for the use of the subject, although his experiences 
during exposure may have to await the end of the expenment 


CLINICAL SYMPTOMATOLOGY IN L-D SUBJECTS 
UNDER EXPERIMENTAL CONDITIONS 

In Table II are summarized results in the 11 L D subjects when 
exposed to the maximum stress under five different experimental 
conditions In no instance did they experience symptoms charac- 
teristic of motion sickness The sweating they fek uas never associ- 
ated with pallor and was due either to the high environmental 
temperature or to the fact that considerable physical work was 
involved The subject with acrophobia was extremely nervous pnor 
to the acrobatic flight and stated afterward that it took much 
fortitude to enter the aircraft He did experience symptoms of 
anxiety aloft, and this was reflected m an increased excretion of 
urinary catechol amines, especially epinephrine In the SRR 
cxjtating at nearly 20 rpm the subjects were required to set the 
dials while exposed to a centripetal fonre ranging from 0 56 to 
0 84 G In the CRR they were required to rotate the head in 
different directions while experiencing a centripetal force of 0 61 G 
for a period of thirty minutes Their complaints under these cir 
cumstances were minimal 

It is worth noting that the two subjects with a history of slight 
motion sickness never exocnenced similar sj'mptoms under the 
experimental conditions In bath of these subjects, the iffness which 
gave rise to their vestibular defects occurred at the ages of twelve 
and one-half and thirteen years An unsatisfactor) attempt was 
made to determine if this history of motion sickness had its onset 
prior to this age In sharp contrast to any of the groups of normal 
subjects, nearly all took pleasure in the experiments The few 
comments in the table do not adequately express their obv lous 
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tlc5irc to participate, the pleasure %\bicl» could be read in their 
faces, and their remarks afterward In iJic case of the field e\pcrj- 
ments, and especially in connection svith the C-131 flights, some 
would sit in the ready room waiting for an opportunit> to go 
aloft on a space available basis One subject after completing a 
trial at maMmal speed in the CRR wrote that it was “like drning 
a boat in rough seas because my head was free to ‘roll with the 
nates ’ Exhilarating — I wanted to step on it and go faster, mucJi 
as I do when driving or boating when I am alone” 

The one important point of similant> between the and 
normal subjects had to do with the Msual illusions, but more 
particular!) with the postural illusions experienced Quaniitatixc 
measurements were not made in these fi\c difTcrcni experimental 
situations; but some of the L-I3 subjects described tisual illusions 
closely resembling those desenbed by nonnal ones, and most of 
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the L-D subjects described postural illusions m the CRR, where 
they were most readily perceived, which were quite similar to 
those described by normal subjects Stated differently, stimulation 
of the nonotolithic gravireceptors in the L-D subjects gave rise 
to the characteristic postural illusion in the CRR indicating that, 
except for lack of hearing, their sensory input reaching the level 
of awareness did not differ greatly from that experienced by normal 
subjects If the assumption is made that the 11 L-D subjects are 
representative of their kind, the generalization can be made that 
all or nearly all motion sickness is indeed vestibular sickness Some 
investigators have expressed the opinion that only a percentage of 
subjects with vestibular defects are free of motion sickness Certain 
reasons for these differences in findings might be explicable If, 
for example, the vestibular defects had been acquired late in life, 
symptoms of motion sickness might have persisted as a conditioned 
response Moreover, symptoms of motion sickness and psycho- 
neurosis may be almost indistinguishable, especially m mild form, 
and symptoms resulting from nociceptive stimulation may be 
similar to those in motion sickness 

Until our L D subjects have been exposed to severe stress at 
sea, some reservation must be made as to whether they can exTJcri- 
ence motion sickness Not only has the characteristic of the motions 
of the ship at sea etiological significance in causing seasickness, 
but also the magnitude of the movements, with consequent effect 
on the visual and force environments 

CLINICAL SYMPTOMATOLOGY IN HEALTHY 
SUBJECTS UNDER EXPERIMENTAL CONDITIONS 

For convenience in description, an attempt has been made to 
grade the seventy of vestibular symptoms as shown m Table III 
There is quite general agreement with regard to the major symp- 
toms, but there is room for disagreement with respect to the 
diagnostic terminology 

The statements of a subject regarding lus subjective symptoms 
are obviously not based on the same yardstick To some extent, 
this limitation may be offset by an attempt on the part of the 
experimenter to take into account the concordance between the 
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complain of moderate or c\cn scserc nausea, vit the same time 
cvlubitm^ neither pallor nor ssscatm^ The great |il.chhoocJ here 
ts that his report represents an t\aggcration of the setentj. of the 
syniptoin, hut the cNarmncr is facctl with great difTiculty in any 
ntiLinpi to cliallcnge it The other extrerre is represented b> 
sulijtcis wiio cxluhu moderate or c\cu sc\crc pallor and sweating, 
yet declare they arc not nauseated In most mstanres, one m »y 
accept this report, hut exceptionally a subject may not wish to 
admit that he has nausea, with the thought in mmd tliat it renecis 
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'Ilic distinction htiwecn cold sweating, thcninl ssttating, and 
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if one takes into account the atmospheric conditions, the legions 
where sweating appears, and such things as the associated flushing 
or paJJor, it is still possible to be in error, or indeed the sweating 
may very well be due to more than one factor 

In some instances we have observed symptoms which justified 
an additional diagnosis of vestibular psychoneurosis T^is was 
suspected when the individual had many subjective complaints 
under minimal stressful conditions These subjective symptoms 
were out of proportion to the associated manifestations or even 
appeared in their absence Another characteristic was the fact that 
the subject continued to complain for an unusually long time after 
being rehe\ed of the stress Even more specifically, the subject 
might complain of decreased rather than increased salivation, 
normal or increased alertness rather than drowsiness, and manifest 
aerophagia, charactenstic facies of anxiety, and the hyperventila- 
tion syndrome 

The clinical symptoms in nine regular and nine student sub- 
jects are summarized in Table III, and the subjects are ranked 
according to their history of nonexpenmental motion sickness Of 
the eleven subjects without a history of motion sickness, the first 
eight had not been exposed to many unusual force environments, 
hence, the negative history was not necessarily a good measure 
of their susceptibility Three of the eight became sick during 
aerobatics, and the remaining five did not wish to volunteer for 
the flight FO was less susceptible than the average to exposure 
m the SRR and was asymptomatic m the CRR ME became sick 
in the CRR, while TO became sick m the SRR but was asymp- 
tomatic in the CRR The remaining three subjects, SA, PA, and 
RE, could be classified as “insusceptibles” under all of the con- 
ditions to which they were exposed 

The seven snliifcts with a history of motion sickness all became 
sick under one or more of the experimental circumstances, and 
four of the seven, who had a history of far above average sus- 
ceptibility to motion sickness, were either sick under all conditions 
or the experiment was terminated at a very early stage For ex- 
ample, one subject wished to terminate the experiment in the 
SRR before he had set a single dial 
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Tlic most remarkable instances of the appearance of s^inptoms 
under minimal stress occurred m the CRR \t 10 rpm ilie sub* 
jects were exposed to centripetal force of about 0 07 G and were 
barelj aware of the changing relationship, feeling of tilting as 
they rotated, inasmuch as the angle pht was less than four degrees 
Two of our subjects experienced sjTnptoms under this circum. 
stance, and one asked to ha\c the experiment tcmiimtcd after 
fourteen minutes One other subject, not siiown in this chart, 
complained even before the room was set m motion Subjects 
exposed to rotation m the CRR included some with an cxtrcmcK 
liigh susceptibility to vestibular sickness, and tJicy experienced no 
unpleasant sj'mptoms at velocities of 15 rpm and below 

In comparing the sympiomatologj in the hcahliy subjects and 
those \uth labjTinthinc defects, the foJlmving comments arc to tlie 
point and maj be noted SjTOptoms precipitated b> cvTiosure to 
unusual force environments arc to be attributed directly or in- 
directly as originating in the vestibular organs Great individual 
variance in susceptibility is observed in an unseiccted group of 
healthy subjects, the tcndenc> is for them to be divided into 
susceptiblcs and insusceptiblcs Tlie s>*mptomatology m liic in* 
susccptiblcs tends to be typical and that of the susccptiblcs at> picnl 
llic ai>pical symptoms mav be of a ps>choncurotic nature and 
of considerable severity, they ma> appear when the force and 
nonforcc environmental factors arc not stressful Exposure to 
unusual force environments reveals important individual differ- 
ences watli respect to willingness to undergo such stress and the 
readiness with which the) complain under stress 


SIGNIFICANCE OF THE EXPERIMENTAL FINDINGS 
IN CRR COMPARED WITH SRK 
In the CRR, vvith head fixed, stimulation of the canals did not 
occur, and the s>'mptoms experienced b) hcalthj subjects vserc 
precipitated b> the ccnlnpctal force at the incident angle /hi 
which constant!) changed its geographical position m respect to 
the subject through 300® with each revolution Gravircccptors 
including the otoliths were stimulated in an unusual fashion and 
must have acted as the chief precipitating factor It is of interest 
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m this connection that in Wendt’s cxpcnmcnis uhcrem he CNpcvd 
subjects to rectilinear accelerations, thus avoiding stimulation to 
the canals, some of his subjects did not become sick under the 
most stressful force environments which could be generated 
It IS possible to distinguish between the roles of the otolithic 
and nonotolithic receptors onl> if the canals arc not taken into 
account, an obvious disregard of “intervestihular conflicts” and 
the role the vestibular organs together have placed in the past 
Nevertheless, it is a clearly cut instance of the precipitation of 
vestibular symptoms in the absence of stimulation of the canals 
and demonstrates that an unusual input from the otoliths (and 
nonotolithic grav ircceptors) ma> give nsc to functional s>mptoms 
“Otolith sickness’ might be a helpful designation to idenl/fj 
symptoms under this or similar circumstances 

The cfTectiveness of the stimulus in the CRR is heavily depend- 
ent On the magnitude of the force Tins suggests but docs not 
prove that the de afTcrentation m weightlessness, which also Icids 
to an unusual input may not be a severe stress because of the 
absence of a “magnitude of force” cflect 

Symptoms were more readily precipitated m the SRR tlian m 
the C RR, although it cannot be assumed that the stresses, measured 
in terms of per cent of the maximum possible stress, were com- 
parable When the subject is near the center of rotation in the 
SRR the centripetal force is small and the Coriolis force is mainly 
a consequence of the angular velocities of the head and room 
If an unusual stimulus to the otoliths with the bodily roniion 
limited to the head is assumed the magnitude component would 
be small and of relatively little significance compared with the 
input from the canals Clsewhcrc** reasons 1 avc been given for 
justifying the term “canal sickness” when the chief precipitating 
factor has been the unusual stimulation of the semicircular canals 


PROLONGED EXPOSURE IN A CONSTANTLY ROTATING 
ENVIRONMENT 

These experiments fell into two main ealcgones namely, ob- 
servations on the time course of the appearance .and di«appeanincc 
of syamptoms, and the investigation of specific svmptoms or mech- 
anisms 
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General Adaptation 

Subjects ^^c^c exposed to constant rotation for appro\inntcI% 
t\so da^s at 1 0, 1 7, 2 2, 3 8, 5 4, and 10 0 rpm and for two weeks 
at 3 0 rpm The subjects were selected mainly in terms of their 
susceptibility to vestibular sickness and, m retrospect, our carl^ 
evaluations proved to be poor inasmuch as we did not propcrl> 
take into account the fact that our reguhr subjects bad not been 
exposed to suflicienily stressful force environments Fhe subjects 
were urt^cd to limit their activates involving head movement to 
avoid severe nausea or vomiting In addition to housekeeping 
activities, they were required to carry out a number of specific 
tasks and tests, including the dial test 

GR, one of tlic subjects with bilateral vestibular defects uis a 
partictpini tn all of the evpenments except those at 1 0 and 3 0 
rpm He had no complaints, and the only significant change m 
the syTTiptomaiology was difTtcuIty m walking This was not evi* 
dent at 17 or 2 2 rpm, but it was manifest, according to the 
inside obserxer, at 3 8 rpm, although the subject stated that he 
had nodifiicuh) On cessation of rotation at this speed, he reported 
no aftereffects, and he had no difliculty in walking heel*to*toc 
At 5 4 and 10 0 rpm be had significant difficulty m walking to 
which he readily adapted at 5 4, but more slowly and less vvcll at 
10 0 rpm Following rotation at 10 0 rpm, he experienced grciicr 
difficulty in walking than during the conirol period 

With regard to the nornnl subjects, tlicrc was a progressive 
increase in seventy of symptoms with increasing rpm, if diffcr- 
cnccs m susceptibility were taken into account At 1 0 rpm. 
syinjiioms were almost nil in the ease of four subjects,** two of 
whom Vvcrc liclow average, one average, and one above average 
III su«ccptibihiy The only ssmiptom mamfcsicd was slight dif* 
ficulty III walking hecI*io-ioc with eyes closed, to which t'lcv 
adipted Four additioml subjects highly susceptible to vesuhuhr 
sickness Vvcrc cxqioscd for a shorter penod of time at 1 0 rpm, 
and liic symptoms were negligible Two had slight nnlnisc fol- 
lowing completion of the first dial lest but not thereafter Ivvo of 
the four subjects jicrccivcd the Coriolis illusion dunng rotation 
and all perceived it following rotation 
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Three men and an espenmentcr participated in an experiment 
wherein they were exposed to rotation for two weeks at 3 0 rpm 
With regard to their susccptibiJitj to motion sickness, two were 
regarded as average and one above average The one subject with 
greater than average susceptibility experienced malaise the first 
day, and thereafter his symptomatology was complicated by the 
appearance of a slight cold The other two subjects were not 
handicapped in carrying out their tasks winch kept them busy 
from early m the morning until four o’clock in the afternoon 
Either no change or a continued improvement was found in scoring 
a wide variety of psychological and physiological tests with two 
exceptions There was evidence of a decrement in performance 
m carrying out a mathematics test during the first day of rotation 
but not thereafter They also exhibited difficulty in postural and 
walking tests but a return to the baseline level was noted on the 
fourth day Following rotation these difficulties reappeared, but 
their approximate baseline values v\ere again reached on the 
second post rotation day The conclusion was readied that no 
serious disturbance of a psychological or physiological nature 
occurred either dunng the two weeks of rotation or dunng the 
recovery period 

The remaining experiments were conducted as a single senes 
of experiments using the same subjects on more linn one occasion 

At 1 7 rpm two subjects less susceptible than the average to 
motion sickness, on the basis of tlicir history, experienced sligiit 
nausea following the dial test on the first day but not thereafter 
Except for difficulty in walking the other symptoms were neg- 
ligible and probably related in part to the confinement 

At 2 2 rpm two subjects with Jess than average susccplihihty 
to motion sickness had diflerent experiences One comphined of 
slight dizziness and slight apathy on the morning of the first dav 
only and was otherwise asymptomatic The otiier subject experi- 
enced nausea throughout the run and had vomiting episodes the 
morning and afternoon of the first day He complained of other 
symptoms as well, and, in general adapted poorly to the stress 

At 3 8 rpm two insusceptible subjects, based on tlicir motion 
sickness history also had different experiences On the morning 
of the first day one subject had nausea which did not reappear 
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untj] after he had developed a cold The Conohs illusion, to which 
he had previously adapted, also reappeared following tlie respir- 
atory infection The second subject was practically symptom free 
At 5 4 rpm a subject who had been practically s>Tnptom free 
at 2 2 rpm experienced severe nausea and vomiting the morning 
of (he first day with some improvement in the afternoon and with 
complete freedom from symptoms on tlic second da> The second 
subject, who had experienced nausea and vomiting at 2 2 rpm, 
experienced sj-mptoms throughout the two days He suffered severe 
nausea and vomiting both morning and afternoon of the first da>, 
and on the second day the nausea decreased and no vomiting 
episodes occurred Some of his symptoms were clearly of psycho- 
neurotic origin He complained of “tension headache” and the 
acrophagia was sufficient to cause abdominal distention He ex- 
hibited a sighing type of respiration, and the inversion of the T- 
waves in the electrocardiogram was probabl> the result of over- 
ventilation This represents a dear example of a complication in 
(he form of psychoncurosis indircctl) of vestibular origin 
The two subjects who had performed best at lower rpm were 
now chosen for the experiment at 10 0 rpm Both had symptoms 
throughout the entire period One had nausea the first day but 
not the second, however, the general malaise and discomfort were 
greater the second day than the first Tlie second subject had 
nausea tliroughout the entire pieriod, although decreasing on the 
second day, and there was no vomiting after the first day Although 
he was adapting better than the other subject, he remained 
apathetic, slept several hours during the da>time, and, m general, 
gave the impression of declining fitness to carr> out assigned tasks 
Many additional experiments have been earned out in which 
the subjects have been exposed, usually for periods of six to eight 
hours and usually at a velocitj of 7 5 rpm Although the details 
concerning clinical symptoms were not collected systematically, 
a few important obscrv'ations were nevertheless verified 1) symp- 
toms were minimized by covenng the subject’s eyes, 2) the more 
alert the subject, the faster the adaptation, 3) the greater the 
degree of activity, the more rapid the adaptation, 4) the more 
complete the adaptation, the more severe the symptoms following 
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Three men and an experimenter participated in an experiment 
wherein they uere exposed to rotauon for two weeks at 3 0 rpm 
With regard to their susceptibilit> to motion sickness two were 
regarded as average and one above average The one subject with 
greater than average susceptibility experienced malaise the first 
day, and thereafter his sympiomatolc^y was complicated b) the 
appearance of a slight cold The other two subjects were not 
handicapped in carrying out their tasks which kept them bus) 
from early in the morning until four o clock in the afternoon 
Either no change or a continued improvement was found in scoring 
a wide \ariety of ps)chol(^ical and ph)sioIogrcaI tests with tuo 
exceptions There was evidence of a decrement in performance 
m carr)ing out a mathematics lest during the first day of rotation 
but not thereafter They also exhibited difficulty m postural and 
walking tests but a return to the baseline level was noted on the 
fourth day Following rotation these difficulties reappeared, but 
their approximate baseline values were again reached on the 
second post rotation day The conclusion was reached that no 
serious disturbance of a psychological or physiological nature 
occurred either during the two weeks of rotation or during the 
recovery period 

The remaining experiments were conducted as a single senes 
of expenments using the same subjects on more than one occasion 

At 1 7 rpm two subjects less susceptible than the average to 
motion sickness, on the basis of their history, experienced slight 
nausea following the dial test on the first day but not thereafter 
Except for difficulty in walking the other symptoms were neg 
ligible and probably related in part lo the confinement 

At 2 2 rpm two subjects with less thin avenge susceptibility 
to motion sickness had difiereni experiences One complimed of 
slight dizziness and slight apathy on the morning of the first diy 
only and was otherwise asyiriptomatic The other subject expcri 
enced nausea throughout the run and had vomiting episodes the 
morning and afternoon of the fim day He complained of other 
symptoms as well, and, in general, adapted poorly to the stress 

At 3 8 rpm two insusceptible subjects, based on their motion 
sickness history, also had different experiences On the morning 
of the first day one subject had nausea which did not reappear 
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until after he had developed a cold The Coriolis illusion, to which 
he had previously adapted, also reappeared following the respir- 
atory infection The second subject was practically symptom free 
At 5 4 rpm a subject who had been practically symptom free 
at 2 2 rpm experienced severe nausea and vomiting the morning 
of the first day with some improvement m the afternoon and with 
complete freedom from symiptoms on the second day The second 
subject, who had experienced nausea and vomiting at 2 2 rpm, 
experienced symptoms throughout the two days He suffered severe 
nausea and \omiting both morning and afternoon of the first day, 
and on the second day the nausea decreased and no vomiting 
episodes occurred Some of his symptoms were clearly of psycho- 
neurotic origin He complained of “tension headache” and the 
acrophagia was sufficient to cause abdominal distention He ex- 
hibited a sighing type of respiration, and the inversion of the T- 
vs aves in the electrocardiogram was probably the result of over- 
lentilation Tins represents a clear example of a complication in 
the form of psychoneurosis indirectly of vestibular origin 
The two subjects who had performed best at lower rpm were 
now chosen for the experiment at 10 0 rpm Both had symptoms 
throughout the entire penod One had nausea the first day but 
not tlie second, liowever, the general malaise and discomfort were 
greater the second day tlnn the first The second subject had 
nausea throughout the entire period, although decreasing on the 
second day, and there was no \omiting after the first day Although 
he was adapting better than the other subject, he remained 
apathetic, slept several liours during the daytime, and, m general, 
give the impression of declining fitness to carry out assigned tasks 
Many additional experiments have been earned out in which 
lA'c subfects have hccet exposed, ontaJly for periods ofsi\ to erghf 
iiours and usually at a velocity of 7 5 rpm ‘Mthough the details 
concerning clinical symptoms were not collected systematically, 
a few important observations were nevertheless verified I) symp- 
toms were minimized by covenng live subject’s eyes, 2) the more 
alert the subject, the faster the adaptation, 3) the greater the 
degree of activity, the more rapid Uic adaptation, 4) the more 
complete the adaptation, the more severe the syrniptoms following 
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cessation of rotation, 5) considerable mdvMdual variance exists 
in the speed Mith uhich adaptation occurs, and 6) ilic rale of 
adaptation is different for different subjective sjTnploms or ob- 
jective manifestations 

Mechanisms Involved in (he Adaptation Process 
Three vnsual illusions arc readil> identified m the Slow Rotation 
Room if the stimulus is adequate, namcl>, the oculogravic, 
oculpg>Tal and Conolis illusions It v%as found that adaplation 
to the oculograv ic illusion did not occur within a four-hour cvpcri 
mental period Measurements on the oculogvral illusion also 
revealed little or no change after prolonged exposure at different 
rates of rotation Adaptation to the Conolis illusion, /lowcvcr, was 
found to occur quite rcadi!> as seen in Figure 1 Moreover, on 
cessation of rotation, movement of the head which no longer 





generates a Coriolis acceleration nc\cnliclcss gi\cs rise to a 
Coriolis illusion but \Mth opjjosuc sign This is inierprcicd as 
indicating a conditioned response of a compensator) nature 
When nsstagmus is used as an indicator, some subjects also 
exhibit a conditioned response of a compensator) character In 
I igurc 2 arc sliossn n) siagmograms obtained on the same subject 
before, during, and after cessation of rotation It is seen that soon 
after the onset nf roiaiinn iin upward beating n\ sti\gmus is recorded 
wlnle thiri) mmuiciioan hour after cessation of rotation a down- 
nard beating njsngmus is registered in association uith the same 
Jicad movement That this compensator) nj*stagmus was intle- 
pendent of vision tsas demonstrated b) the fact tint it could be 
obtained with c)cs covered, that it could be obtained also with 
passive as well as active movement of the head indicates tint a 
voluntar) movement was not essential 
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The same indicators, namel), the Coriolis illusion and nystag- 
mography, have been used in studying the specificity of the 
adaptation process and its reaprocal, the paucity of transfer 
effects If a subject under suitable conditions is required to make 
head movements in one quadrant of the frontal plane over a 
period of hours, there is a decline m the Coriolis illusion and in 
the nystagmic response Toward the end of the rotation period 
the same head movement in the unpracticed quadrant yields 
illusory and nystagmic responses of approximately the same mag- 
nitude as at the beginning of rotation On cessation of rotation, 
head movement in the unpracticed quadrant yields no response 

A rise in threshold of response to thermal stimulation lias been 
demonstrated by Johnson and his coworkers The rise was 
evident on the second day of rotation 

Post-Rotation Effects 

Few investigations have been earned out which adequately 
cover the full post rotation period Two reasons for this have been 
the desire on the part of the subjects to be free after prolonged 
confinement in the SRR and to the fact that symptoms are not 
severe except on the first day of recovery There is evidence, 
however, that after prolonged exposure to severe stress the con- 
trol state has not always been reached, even on the second day 
following cessation of rotation Tlie systematic investigation of 
these post rotation effects will yield findings of theoretical and 
practical value Here, too, individual variance is great 

When a person is exposed to inicnse stress for only a brief period, 
the post rotation symptomatology is mainly to be ascribed to 
perseveration rather than to the reappearance of symptoms such 
as would follow complete adaptation Here the individual vari- 
ance IS extremely great, and exposure of twenty minutes, for 
example may be fallowed by syunpioms lasting into the second 
day Systematic studies covering this aspect of vestibuiai sickness 
are needed 

Two other related aspects deserve brief mention, namely, the 
fact that adaptation to one velocity of rotation oflcrs some pro- 
tection to exposure at higher velocities, and that interruptions in 
exposure to rotation tend to nunimuc tlie post-rotation effects 
Both areas await fuller exploration 



Vfsilbular Sickness and Some oj Its ImpUcaUons Jot Space Traiel 267 

SOME IMPLICATIONS FOR SPACE FLIGHT 
Motion sickness ma) be regarded as haMng us ongm directlj 
or indirectly the vestibular oi^ans, therefore vestibular sickness 
IS the more meaningful term It is nearly always precipitated by 
exposure to an unusual force environment, and qualitative and 
quantative variables are both important as arc such factors as 
the duration of exposure, the periodicity, or the pattern of waxing 
and waning of stimulation Additional precipitating factors may 
be found in the nonforce environment, and intrinsic predisposing 
factors may be fundamental or relatively constant and super- 
ficial or relatively temporary Much remains to be learned regard 
ing central nervous system mechanisms concerned m tlic causation 
of vestibular sickness and its disappearance through adaptation 
The functional symptoms of vestibular origin vary greatly in 
kind and seventy mild syndromes may not be recognized as such 
and complicating disorders especially of a psychoneuroiic nature 
may not be placed in their true etiologic relationship 
Vestibular sickness may be precipitatwl in the absence of stimu 
lation to the canals Both the unusual pattern of stimulation and 
the strength of stimulus are of etiologic significance These findings 
strongly suggest that even unusual patterns of stimulation would 
be well tolerated down to a critical level In the weightless state 
the absence of the magnitude variable may be a factor mini 
mixing the disturbing effects 

Insofar as experience in the SRR may be extrapolated to con 
ditions in a rotating space vehicle, a velocity of 3 0 rpm should 
not present important problems A velocity of 5 0 rpm is feasible 
if idequatc prov ision is made m the areas of initial crew selection, 
training, and adaptation pnor to launch, and if provision is made 
for well being aloft and for predescent adaptation An increase 
stepwise from 3 0 to 5 0 rpm would greatly minimize the initnl 
effects and the reverse, the post rotation effects A velocity of 
10 0 rpm presents problems some of which still await solution 
Our experience has again emphasized the need for a most com 
prehcnsivc evaluation before attempting to grade persons in terms 
of their susceptibility to vestibular sickness The reason is partly 
to be ascribed to meager transfer effects and to the difficulty or 
impossibility of simulating all the force and nonforce environ- 
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r-ental factors under terrestrial conditions Tlie dcsirabilit> of 
\alidation studies is e\ident and more effort must be expended 
rinall) a comment must be repeated regarding the spectacular 
freedom from s>'mptoms enjo>cd not onI> b> persons uiili bilateral 
vestibular defects but also at least on an individual basis b) persons 
vviti on!> partial loss of function or unilateral loss Tlic loss of 
1 eanng in one ear might be less of a handicap than troublesome 
vestibular sjTnptoms The possibility of preventing symptoms either 
temporarily or permanently by drug therapy is at least a reason 
able hope based upon study of the effects of streptomycin sulphite 
administration in animals 
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Chapter 

XII 


OTOLOGICAL ASPECTS IN THE 
DIFFEREOTIAL DIAGNOSIS OF VERTIGO 

Terence Cawthorne, F R C S * 


Vertigo is a common symptom which is alwa)s disturbing 
and often alarming, and the sufferer may sometimes find it dif* 
ficult to put his sensation into words Unless inspired by what 
they have been told or have read, patients with vertigo will usually 
refer to it as dizziness or giddiness and the doctor will be wise if 
he limits the use of the term “vertigo” to those patients who hate 
an hallucination of movement 

Vertigo is the cardinal symptom of a disordered vestibular 
system The fact that the vestibular sense of balance is as much one 
of the special senses as the traditional five of smell, touch, taste, 
\ ision, and hearing is not always appreciated Moreover, like tliese 
other senses, the balancing sense consists of sensory receptors housed 
in the vestibular part of the inner car A nerve, the vestibular 
part of the eighth nerve, takes impulses from the sensory end 
organs to the four vestibular nuclei in the brain stem and to the 
roof nuclei in the cerebellum From these there are connections 
With the eye muscle nuclei via the medial longitudinal bundle and 
with the whole of the body musculature via the vestibulospinal 
tract Thus, impulses aroused in the sensory end organs of the 
labjTinth by movements or alteration of position of the head are 
conveyed to the eyes, trunk and limbs, and also by some as )et 
not clearly defined route to the posterior part of the temporal 

Aural Surgeon, The National Hospital, Queen Square London, England 
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lobe, where these sensations will reach the conscious level It is 
therefore through the vestibular receptors m the internal ear that 
the eyes and the body are kept balanced and steady Throughout 
most of our waking and all our walking life this sense of balance 
IS constantly at work receiving impressions and passing them on to 
influence the posture of the body and the movement of the limbs 
and eyes, without our being aware of its existence 

Any sudden interference with the normal working of this vesti- 
bular system will, liowever, force a group of unaccustomed, 
unwelcomed, and often unrecognized symptoms and signs upon 
the sufferer, the most regular of which are vertigo and nystagmus 
These, however, may be overshadowed by the nausea and vomit 
ing which are part of the vagal effect so often accompanying a 
severe vestibular disorder, particularly when it attacks the vestib 
ular end organ 

Because of the number of bodily functions which are affected 
in a case of severe vertigo it has often been difficult for the patient, 
his relatives and even his medical adviser, to appreciate that the 
underlying cause for this disorder lies m a modest little organ no 
bigger than the tip of the little finger and hidden away m the 
depths of the inner ear 

A very misleading feature of sudden failure of one vestibular 
end oi^n is the nausea and vomiting Because of this the digestive 
system is almost always blamed in the first instance The sufferer 
and his relatives invanably cast their minds back to what he ate 
yesterday and they can usually pick on something to blame As 
many seafarers know ii is not difficult to cause nausea and vomiting 
by stimulating the labyrinth, but the reverse does not apply unless 
whatever is irritating the stomach is having a toxic effect on the 
vestibular system, a state of affairs which can be brought about 
by too much alcohol 

The visual hallucinations m which objects seem to be whirling 
round sometimes leads the patient to seek advice about his eyes, 
and in some studies of vertigo ocular imbalance is mentioned as 
a cause This is not so, and I have never seen a case of vertigo 
which could have been attributed to an ocular disorder 

The momentary dizziness which may follow a sudden change of 
posture, particularly from the horizontal to the erect position in 
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those uhosc cardiovascular system is defective, has led to the more 
pronounced and prolonged vertigo of vestibular origin being 
regarded as evidence of inefTcctive blood pressure The transient 
dizziness on suddenly rising from a chair or getting out of a hot 
bath, characteristic of cardiovascular instability, should rarely be 
confused with the definite and prolonged vertigo which accom- 
panies a vestibular disorder In such cases the evciting cause of 
the dizziness is a momentary interference with the blood flou to 
the labyrinth Other conditions in which the blood is poorly 
oxygenated may cause dizziness which is either transient or per- 
sistent, and if persistent, other symptoms will supenene In us 
most dramatic form labyrinthine anemia usually precedes a 
fainting spell Another form of vascular disorder, v ertebro-basilar 
insufficiency, will be dealt with later on in this paper 

The hot flushes, accompanied by a feeling of fulness in the 
head, sometimes described by the patient as dizziness, which are 
part of the menopause, have often resulted m bouts of aural 
vertigo being attributed to the change of life 

But understandably the greatest difficulty arises when the psyche 
IS suspected The recurrence, often without walking, of a sharp 
bout of vertigo, particularly when it is accompanied by nausea 
and vomiting, can engender a feeling of insecurity in the most 
stout-hearted patients, while in those who are not so psy chologically 
robust the effect may be so profound as to earn the sufferer the 
label of “functional ” 

And so we are left with the central nervous system, wiili the 
ear and with certain systemic toxins (eg, alcohol, streptomycin) 
as possible causes of vertigo as defined 

Vertigo as a result of central nervous system causes will be con- 
sidered elsewhere in this symposium, but I vsould like to say a 
lew w ord's about what one may regard’ as a central’ cause since n: 
has received a great deal of attention in recent times I refer to 
vertcbro-basilar insufficiency which often follows a sudden head 
rroiement or alteration of posture, particularly from the hori- 
zontal to the upright There is a momentary but quite set ere dizzy 
spell sometimes associated with a transient visual disturbance and 
tingling in the limbs on one or botli sides Tlic cightli nerve system 
IS usually found to be normal and it is possible that the momentary 
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anemia is afieciing the vestibular nuclei in the brain stem This 
condition can be confused with paroxysmal positional vertigo which 
I shall mention later on, but the vertigo is not as a rule so severe 

EFFECT OF A PERIPHERAL VESTIBULAR DISTURBANCE 

Formerly it was believed that a lack of balance between the 
vestibular receptors in each labyrinth could be caused either by 
an increase or by a decrease in activity of one set of end organs 
However, this is not in accordance with general physiological 
pnnciples which regard a sensory end organ as working at full 
strength in health, and that disease or injury can only be followed 
by a decrease in activity It is now held that the vestibular end 
organs are no exception to the general rule, that any lack of 
balance due to injury or disease is the result of hypoactivity and 
that there is no such thing as hyperactivity in the peripheral 
vestibular receptors It will, however, be appreciated that the 
efferent fibers in the vestibular system have a “damping down” 
effect upon the impulses ansing from stimulation of the vestibular 
receptors 

An analogy which helps in the understanding of the mechanism 
of a peripheral vestibular disturbance is that of a twin*engincd 
aeroplane When both engines are running normally and the con- 
trols are properly set the aeroplane flies on a straight course if 
one engine suddenly fails the aeroplane is violently diverted from 
Its course by the unopposed action of the normally running engine 
By readjusting the controls, after a short period the pilot is able 
to fly on a straight course again, though turning or a sudden gust 
of wind will have a more disturbing effect than when the two 
engines are working normally In another situation the faulty 
engine may start up again, and even if it does not return to its 
normal speed all is weff providecf that it runs steadily However, 
should the faulty engine repeatedly fail and recover, the result 
will be more disturbing than having a dead engine In another 
situation one engine may fail to work properly only when the 
aeroplane is in a certain position, such as in a steep bank to the 
left, but will return to normal as soon as the aeroplane straightens 
out Finally, if one engine loses power very slowly, the pilot is 
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able almost imperceptibly to readjust the controls ^Mthout de- 
viating from his course 

The aeroplane engines can of course be compared uith the set 
of vestibular end organs in eacli labyrinth In man, sudden failure 
of one labyrinth will result in a severe disturbance of equilibrium 
If the failure is short-lived then equilibrium is soon restored If 
the failure is prolonged then restoration of equilibrium is delated 
and may never be complete, though the final stage is mucli less 
disturbing than repeated bouts of failure 

Sudden Vestibular Failure (Vestibular Neuronitis) 

The sudden failure of one vestibular labyrinth has a devastating 
effect on the sufferer, who is struck to the ground where he lies 
helpless and unable to move The overwhelming vertigo, the 
awful sickness, and the turbulent eye movements, all accentuated 
by even the slightest movement of the head, combine to form a 
lund picture of helpless misery that has few parallels in the wliole 
field of injury and disease In an unfortunate few their misery is 
enhanced by a spontaneous evacuation of the louer bowel 

At this stage httle can be done tn the way of an examination, 
and the sufferer is grateful to be left in peace lying in a darkened 
room with a suitable sedative After a few hours the patient, wlio 
still prefers to he motionless, often on the affected side, exhibits 
a gross nystagmus usually horizontal with sometimes a rotary 
element The quick component is directed towards the sound side 
and docs not alter with the direction of the gaze The sensation of 
vertigo has diminished and the vomiting should have stopped, 
but both may return with their former vigor if the head is moved 
suddenly With each day the symptoms and the eye signs slowly 
subside until at the end of three weeks the nystagmus has dis- 
appeared and equilibrium is more or less restored For some time 
after this, however, momentary vertigo can be induced by sudden 
movements of the head 

Latent Tendency to Nystagmus 

TJiough the spontaneous nystagmus whicli follows complete 
failure of one \estibular labyrinth rarely lasts more than tlircc 
weeks, a latent tendency to nystagmus with the quick component 
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directed towards the sound side is likely to persist for years This 
can be brought out by the calonc test on the sound side and b> 
rotation which will reveal a preponderance of induced nystagmus 
towards the sound side This was not appreciated b) earlier 
workers who attributed the phenomenon to a physiological property 
of the vestibular labyTinth, when in fact it was a reaction to injury 
This misconception may have led to the belief that the sensory 
receptors in the vestibular labyrinth were capable of hyperfunction 
as well as hypofunction The foregoing^ description applies to a 
sudden, complete, and irreversible loss of function in a previously 
healthy vestibular labyrinth 

Incomplete or Temporary Loss of Vestibular Function 
(Meniere’s Disease) 

If the sudden loss is incomplete, and particularly if the labyrinth 
IS already partly inactnated by a previous injury or disease, then 
the signs and symptoms will not be so severe Again, if the loss is 
but temporary, and the labyTinth is only out of action for a few 
minutes, then the signs and symptoms will soon subside and 
equilibrium will be restored in a matter of hours 

Recurring Sudden Vestibular Failure (Meniere’s Disease) 

In those who suffer from recurrent boms of sudden vestibular 
failure, the severity of the symptoms may vary, some bouts being 
mild and brief, others being severe and prolonged Also what may 
be termed the vagal effect varies from patient to patient, some 
being more affected by nausea and vomiting than others, possibly 
in the same way that some travelers are more affected by the 
ups and downs of their journey than others 

Gradual Vestibular Failure (Acoustic Neurinoma) 

The vestibular end organs on one side can slowly lose their 
activity without causing any otnious signs or symptoms, apart 
from a slight momentary dizzmess brought on by sudden move- 
ments of the head, the loss of funcuon may only be revealed by a 
failure to respond to calonc stimulation 

Positional Vestibular Failure (Positional Vertigo) 

A failure of the utricular part of the vestibular labyrinth may 
only show itself b) a sharp and short-lived bout of vertigo and 
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ny-staginus induced by placing the head back^vards and to one 
side so that the affected ear is undermost Occasionally this con 
dition IS heralded by a short bout of sudden \estibular failure, 
but often it just appears and may not be easy to detect because 
all otl er tests of \estibular function may be normal Tor this 
reason every patient with venigo should be tested to see u'hether 
placing the head backwards and to one side provokes a bout of 
vertigo and nystagmus 

Irregular Vestibular Activity (Penlaby nnthitis) 

Under this heading are included those patients whose equihb 
rmm is disturbed not so much by loss of vestibular function as by 
slight, frequent, and irregular variations m the activity of one 
vestibular labyrinth This may happen as the result of a fistula 
in one of the bony semicircular canals caused by injury or disease, 
the activity of the end organs being unimpaired Because of the 
fistula, pressure and temperature variations may create minor 
disturbances withm the labyrinth that can produce a noticeable 
and sometimes bizarre effect on equilibrium and gait which one 
may be tempted to regard as purely psychogenic 

Compensation for Loss of One Labyrinth 
The central compensating process vvhich enables man to over 
come successfully the severe effects that follow the loss of one 
labynnth is believed to be due to the tonic properties of the 
vestibular nuclei in the brain stem These properties enable grad- 
ual compensation for the loss of one labynnth In this they are 
probably assisted by the higher vestibular centers m tiic posterior 
part of the temporal lobe Generally the manifest signs of a sudden 
vestibular failure arc overcome within three weeks Symptoms may 
persist with diminishing intensity for some time after this, though 
It IS unusual for them to cause any serious disturbance of equi- 
librium In a very few patients, however, compensation may be 
delayed or incomplete In these, as indeed in all, an explanation 
of the cause, or perhaps even more important, wliat is not the 
cause, combined with balancing exercises, plays an important 
part in the recovery 
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Disturbance of Both Vestibular Labyrinths 

If both \ estibular labj'nnths are affected simultaneous!), the 
disturbance will, if anything be more severe, and reco\ery much 
slower In older patients complete recovery of equilibrium after 
loss of vestibular function may never be achieved In the young, 
however, compensation is very good, and equilibrium is restored 
provided visual and kinesthetic impressions are regularly received 
If, for instance, a young subject who is without any vestibular 
sense suddenly finds VnmseW m total darkness be wiU be helpless, 
or if he plunges into a swimming bath he is likely to sink to the 
bottom and drown for he has been suddenly deprived of all his 
aids to balance 

Streptomycin 

Total loss of V estibular function occurs more frequently than it 
did before the introduction of streptomycin containing calcium 
and sulphate compounds which have a toxic effect on the vestib 
ular system Usually two grams a day for at least two weeks are 
needed to affect balance, but occasionally the loss is complete 
after one gram daily for as little as three days For this reason 
treatment with streptomycin particularly m the elderlv, should 
be reserved for serious conditions which will not respond to any 
other drug 


CAUSES OF AURAL VERTIGO 

It IS not possible to deal with all the possible causes of aural 
vertigo therefore a short account will be given of those causes 
most frequently seen m the neurological hospital 

Meniere’s Disease 

This is by far the most common cause of aural vertigo and in a 
large senes accounted for more than 60 per cent of the cases The 
attacks usually start before the age of fifty years The disease does 
not favor either sex, and it is unilateral in over 85 per cent of cases, 
when bilateral, both ears are affected simultaneously m nearlv 
half the cases 

The general picture of the disease is one of a disturbance of 
hearing associated with a sudden failure of vestibular funclion 
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usually of short duration, the aural symptoms often being over- 
shadowed by the accompanying vagal disturbance The attacks 
of vertigo may be preceded by deafness and tinnitus or the> ma) 
come on without warning at any time, even when asleep Some- 
times the attacks are solitary with an interv al possibly of months or 
years before the next attack Often there is a succession of attacks 
over a period of weeks or months, followed by a long period of com- 
plete freedom 

During what might be termed the active phase, the patient may 
often feel uneasy between attacks with a sensation of fulness in the 
head or car, loud tinnitus and deafness with distortion, and diz- 
ziness on suddenly moving the head Suddenly one day he feels 
much better, the heavy feeling disappears, the tinnitus becomes 
less, and the hearing better and more easily tolerated He has 
passed into a quiet phase which may last for months or even years 
before the next active phase appears 

The resilience of the labyrinth varies from person to person and 
sometimes from attack to attack In some there may be a serious 
impairment of function after a single attack, while in others there 
may be but little loss of function after several attacks Usually both 
cochlear and vestibular function arc involved simultaneously and 
equally, but m some, the hearing is the first to be affected, while 
in a smaller number the vestibular portion is first and bears the 
brunt of the disorder Loss of consciousness or diplopia during an 
attack is rare 

It IS unusual for more than one member of a family to be affected 
by Mdni^re’s disease, and a history of head injury or of allergy 
is not higher than the average for the population It is possible, 
however, that certain forms of labyrinthine damage may pre- 
dispose to bouts of endolymphatic hydrops,* for instance, it has 
iJmrnuiea’m nle'prc«nTC‘stTitarmri0ui'‘^?Lrayiuin>“iCnlbvviiTg'iTniinp5r 
neurolabyrinthitis, and it is sometimes encountered after the fen- 
estration operation for otosclerosis 

The distension of the endolymphatic system, the visible relic of 
Mdmere’s disease, is the result of recurrent bouts of endolymphatic 
hydrops In the active phase there is probably a disturbance of the 
normal balance between the production and disposal of endolymph 
which leads to a rise in the endolymphatic pressure Whether this 
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IS due to a defect in excretion of endoI>-mph througii the saccus 
endoljmphaticus into the subdural space, or whether the composition 
of the fluid endoljTTiph is altered so that it docs not dram out so 
easily is not known At an> time during this active phase there 
may be a critical increase in pressure, whicli, if sufRcient to obliter- 
ate the capillaries, will result in an attack At the same time this 
will hold up the production of more endolymph b> the slnaras- 
cularis of the cochlea, so that the pressure subsides, circulation 
returns to the end organs, the attack passes, and function is restored 
During the active phase the endolymphatic labyrinth is vnilnerablc 
to anything that may tend to increase the pressure Water retention 
allergy, and sudden variations m barometric pressure arc among 
the factors which may help to precipitate an attack, but on/) while 
the labyrinth is in an actae phase 

Tliere are other views on the etiology of Meniere's disease, 
many of them based on variations in blood flow through the inter- 
nal ear Another interesting suggestion is that the v esicles somclirrcs 
seen in the vestibular labyrinth indicate a chronic herpetic neuritis 
of toxic or trophic origin Of all this it may be said that thougli the 
effects of attacks of Nfenicre’s disease on the delicate endolympha- 
tic structures are well known, we are still ignorant of events wliicli 
may lead up to such attacks 

The first and possibly the most important step in the mangcmcni 
of a patient with Nfenicre s disease is to assure him that the attacks, 
though distressing, are not a serious threat to life Sedatives and 
an anti-retentional regime may reduce the seventy of the attacks, 
and vasodilating drugs are favored by some While there can be 
no doubt that nicotinic acid and lusiamine cau^e vasodilatation 
of the peripheral circulation there is still some doubt as to tlicir 
action on the intracranial circulation which includes the internal 
ear Cervical sympathectomy isemploycd to alter the circulation to 
the internal ear and in some cases docs seem to modify the attacks 

The only certain way of preventing attacks is to prevent dis 
ordered Jabvnnthine impulses from reaching the central nervous 
system Tins can be achieved surgically either by destroying the 
labyTintli, whicli means sacrificing what hearing remains in the 
affected ear, or by dividing the vestibular division of the cighlli 
ner\ e intracranially , w Inch is potentially a more <;cnoiis procedure 
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The use of the \estibulo toxic properties of streptom>cm has 
been suggested, but this is a tncky business since both labynnths 
are likely to be affected by the drug and if, as is often the case, the 
patient is middle aged or elderly, the cure may be more disabling 
than the disease 

Vestibular Neuronitis 

In this condition, first described by Dix and Hallpike,* there is a 
sudden and often complete loss of vestibular function on one side 
without any impairment of hearing The symptoms are those of 
acute vestibulcir failure and the only residual sign is no response to 
calonc stimulation on one side The site and nature of the lesion 
has still to be determined, but it may be in the ganglion of Scarpa 
on the vestibular nerve in the temporal bone A toxic or infective 
cause may be responsible but often there is no clue to the possible 
cause This js probably the same condition as has been described 
under the name of epidemic labyrinthitis 

Paroxysmal Positional Vertigo and Nystagmus 

In tins group of patients, vertigo and nystagmus are induced only 
when the head is placed in a certain position, usually backwards 
and to one side The paroxysm of vertigo and nystagmus appears 
after a short latent period and may be accompanied by signs of 
distress It rarely lasts more than a few seconds and usually cannot 
be made to reappear for at least half an hour Dix and Hallpikc 
found a lesion in the utricle on the side to which the head was 
turned Such a lesion is benign and often disappears after a few 
weeks though it may return In almost a third of the patients there 
is a history of a recent head injury, while in a few, a focus of sepsis 
has been demonstrated 

The interest and iniporfance of decs gratrp I'rer m (he fact that 
in more than half, the elicumg of posiUonal nystagmus is the only 
physical sign of an organic disorder of the labyrinth Both in this 
and m the preceding group, diagnosis is the most important step 
in the management of the case If in a case of \estibular neuronitis 
restoration of balance is delayed, then special head and balancing 
c-xcrciscs will prove helpful * * In the positional group it is usually 
possible with practice to avoid the offending position 
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Perilabyrinthitis 

This term is used for a small but interesting group of patients 
in whom a disturbance of balance and gait can be attributed to 
a fistula into one bony labyrinth, usually as a result of a former 
mastoid operation * 

The vestibular labyTinth on the affected side is actue enough, 
but as has already been described under the heading of irregular 
vestibular activity, the patient may be severely disabled Once the 
condition is recognized, destruction of the offending labyrinth 
followed by balancing exercises rarely fails to restore the patient to 
full equihbnum 

Other causes of aural vertigo include infective labyTinthitis 
secondary to otitis media (which needs careful management to pre- 
vent the spread of infection to the meninges or to the cerebellum), 
neurolabvTinthitis complicating mumps, meningococcal nicnm- 
gitis, and occasionally other specific fevers In such cases the 
clinical picture will be one of acute labyTinihme failure willi 
cochlear and vestibular function being affected 
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XIII 


NEUROLOGICAL ASPECTS IN THE 
DIFFERENTIAL DIAGNOSIS OF VERTIGO 

Irwin Levy, M D * 


A DISCUSSION of the neurologica! aspects of vertigo must 
take into consideration the entire vestibular complex from the end 
organ to the cerebral cortex Some aspects, distinctly otological, 
have already been covered and wiM be ommed Not onl> is the 
anatomic range extensive but the nature of the pathologic changes 
covers every type of lesion 

It 1$ important first to define what is meant b> vertigo It is 
usually accepted to be the subjective sensation of rotation of either 
the individual or of his environment In its minimal degree this 
sensation may have no rotational quality and must be difiereniiated 
from giddiness produced by alterations in cerebral blood floiv 
incident to postural change, carotid sinus reflexes and vagal syn- 
cope McNally* has pointed out the varied descriptions of subjec- 
tive sensations given by patients undergoing caloric stimulation 
This poses another problem in the interpretation of symptoms 
In some instances, until one can demonstrate a nystagmus co- 
incident With the compfamt ol* dizziness, one cannot be sure that 
he is dealing with true vertigo 

To the neurologist, the history of the paraphenomena accom- 
panying the vertigo IS of prime importance Through knowledge of 
the anatomic relationships of the vestibular mechanism throughout 
Its course, it is often possible, even without objective exammauon, 
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to localize the site of the lesion For example, in the cerebellopon- 
tine angle, both the vestibular and auditory divisions of the eighth 
cranial nerve exist m close proximity to the seventh nerve Nearby 
are the fifth, sixth, and ninth nerves Therefore, if a patient pre- 
sents a clinical history suggesting involvement of these lower cranial 
nerves one may well suspect the pathological lesion to be m the angle 
If, however, the symptom of vertigo is associated with numbness 
of the face, a drooping eyelid and, perhaps, sensory changes in- 
volving one side of the body, one would have reason to believe 
that the lesion is in the brain stem 
Close attention must be paid to the vagal reflexes ansmg from 
vestibular stimulation Nausea and vxjmiting arc often a clue to 
the true vertiginous nature of the symptom desenbed as “dizziness ” 
In some cases of syncope a careful history will reveal that the loss 
of consciousness was preceded by a brief period of vertigo Tins 
IS of great significance since the problem changes from one of 
syncope to one of vertigo Obviously the subsequent investigation 
must be along entirely different lines As important as the desenp* 
tion of the symiptoms and a thorough knowledge of anatomic 
relations are for locating the site of die lesion, of even greater 
importance is a knowledge of the natural history of those disease 
processes which can affect the vestibular system and its environs 
A thorough understanding of the dynamic aspects of disease helps 
to determine the nature of the pathological process The duration 
of the symptoms, the pattern of (heir development and resolution, 
the tendency to recur, all have much meaning 

During the neurological examination particuhr attention must 
be paid to testing for positional nystagmus and to bringing out 
postural vertigo according to the technique described by NvHn 
Lindsay,* and others The determination of a fixed or changing 
positional nystagmus may be of help m suggesting the site ofliie 
lesion It IS our feeling that except perhaps for positional effects 
the nature of the lesion determines the presence or absence of 
vertigo and its duration rather than whether the lesion is central 
or peripheral \Ve have found it convenient to examine the opitic 
fundus in a dark, room in order to pick up minimal degrees of 
nystagmus masked by fixation A modified Kobrak test is used 
routinely \\7ien standardized in any given physician’s hands it 
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senes as an evcelJent screening procedure The tuning fork ma\ 
be used not only for the Weber and Rmne tests but maj also 
gt\e evidence to suggest dtplacusis and recruitment Crude eval- 
uation of speech discnmmaiion can also be attempted Most of 
our patients are referred to a consultant for more sophisticated 
audiologic and vestibular examinations We have found this to 
be invaluable Thorough laboratory studies including blood chem- 
istries, spinal fluid examinations, radiologic studies, and electro- 
encephalograms are of definite routine diagnostic help Contrast 
studies are done when indicated 

It should be kept in mind that the vestibular apparatus is m a 
constant state of activity or balance with impulses traveling inward 
bilaterally Reverberating mechanisms within the brain stem 
reticular substance have been sliovvn to receive these afferent 
impulses and shunt them into the rcflcxogcmc and conical relav 
paths * Vertiginous symptoms arise from an imbalance in the two 
sides involved in this pathway If there is preponderant activity 
arising from the vestibular receptors of one side, diminution of 
activity from the otlicr side, or alteration m the level of excitability 
of the central centers, we may produce the syinpiom of vertigo 
Changes m the level of cortical excitability, particularly local 
changes m the vicinity of the supenor temporal gyrus, can pro- 
duce dizziness * In general, it might be said that the more acute 
the pathological process, the more likely it is to produce spon- 
taneous vertigo 

Tlic material constituting the remainder of this presentation 
may be divxdcd into three groups I) the strictly organic causes of 
vertigo, 2) the psycliosomatic disturbances giving rise to this symp- 
tom, and 3) the purely psychogenic symptoms which occur in a 
great many patients 

ORGANIC CAUSES OF VERTIGO 

Many difTcrcnt types of lesions may involve the cerebellopontine 
angle It sliould be pointed out that in this zone of the vestibular 
patliway the juxtaposition of auditory and vestibular components 
make it rare to find one involved without the other Wliilc some 
authors have reported a rather high incidence of vertigo in acoustic 
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neunnomas, it has been our experience that this is seldom a 
prominent s>-mptom in the usual classical course of this slo\> 
growing benign tumor Of course, there are exceptions to this 
statement but a careful stud) of the patient will usually prevent a 
mistaXe in diagnosis Of prime importance are the absent caloric 
response and elevated spinal fluid protein In those cases where 
the diagnosis is questionable because of an atypucal history, a 
definite ele\ ation of spinal fluid protein, to as much as 400 500 mg 
per cent, may ser\ e as an indication to do a pneumoencephalogram 
or angiogram to verify the presence of an angle tumor Tumors 
other than acoustic neunnomas are more apt to produce vertigo 
Meningioma Ij-mphosarcomajand metastatic carcinoma may give 
nse to rotational vertigo Occasional!) the latter may produce 
vertigo from a sue deep m the cerebellum overling the fourth 
ventncle This has physiologic correlation with the work of Fer- 
nandez and Lindsay* in which the brain stem vestibular median 
isms are released b> removal of the nodulus In tumors in the angle 
the associated involvement of multiple cranial nerves serves to 
suggest the diagnosis 

Aneurysms ma) involve the vestibular division of the cightli 
nerve and produce episodes of vertigo We have seen several 
patients in this categorv If slight bleeding occure there may be 
sudden involvement of adjacent cranial nerves as well as sub- 
occipjtal pain Lumbar puncture vvill show the pre'ence of red 
blood cells in all tubes collected If bleeding docs not take place 
It ma) be impossible to make the diagnosis except b) an^ograph^ 
Basilar vertebral angiography is not suggested for all cases of 
undiagnosed vertigo Anomalous blood vessels may also involve 
the eighth nerv e mechamcallv ^ or there may cv en be artenov enous 
malformations in this region which produce vertigo 

Infectious processes involving the cerebellopontine angle may 
be V aned in nature P)C^cnic abscesses may arise from the petrous 
p)Tamid, involve the leptomenmges and localize in the angle The 
natural history of the disease, the presence of old car infection 
and a pleocytosis in the spmal fluid should suggest this possibiJit) 
Granuloma of the lepiomeningcs of the angle is not uncommon 
There may ev en be some predilection for granulomatous processes 
to involve the basal meninges Todav, syphilis is rather rare, bui 
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m former years an occasional patient with syplulis was encountered 
in whom a gummatous meningitis in the cerebcJloponline angle 
gave rise to \crtigo and sometimes an internal hydrocephalus 
Cry'ptococcus has been found m this region '^Tlie smouldering 
course, pleocytosis of the spinal fluid, low spiml fluid sugar, 
positive India ink preparations, and eventually culture on suitable 
media should establish the nature of the ctioiogic agent Sarcoid 
may involve the eighth cranial none gtnng nse to vertigo as well 
as involvement of other cranial nerves in the same area The 
association with diabetes insipidus, uveitis, parotitis, lyauph node 
enlargement, and, commonly, seventh nerve involvement suggest 
the diagnosis A falsely positive serologic test for syTsluJis low spinal 
fluid sugar, lymph node biopsy, and, ultimately, the Kveim test 
should establish this entity beyond much doubt 
Cogan’s syndrome represents another systemic disease which 
may affect the vestibular system along with auditory changes 
Fins condition is probably due to collagen disease although the 
manner in which it aflects the internal car is still incompletely 
known Histologic changes in the eighth nerve have been found 
in proven cases of periarteritis nodosa * * 

The patient with Cogan’s syndrome presents vvith redness of 
the eye, pain, lacnmanon, and blurred vision E\amjnation reveals 
patchy, deep corneal mfiliratcs usually pcnplicral in location 
Later deep corneal vascularization is seen Tlic vcsiibulo auditory 
symptoms consist of the simultaneous onset of vertigo, tinnitus, 
and deafness, usually progressing rapidly to complete nerve deaf- 
ness and nonrcsponsiv cncss of the labyTinths Cither the vesiibulo- 
auditory or the ocular system may be involv'cd initialfy, but in- 
volvement of the other system usually follows within ivso months 
There is always leukocytosis and often cosinophiUa Tlicrc may 
be otiicr manifestations of systemic collagen disease The prognosis 
for vision is good, but for the vesiibulo-audiiory system it is poor ‘® 
Basilar impression or platybasia may distort the relations 
between petrous pyramids, ciivus, eighth nerves, and brain stem, 
resulting in chronic vertigo At surgery^or autopsy the brain stem, 
cerebellum, and lower cranial nerves are often distorted b\ thick 
arachnoidal bands Multiple sclcrosis,syringomyclia, cerebellar tu- 
mor, or hydrocephalus may be simulated by this paiholc^ic cniiiy 
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From the cerebelloponune angle, the \estibular dmsion enters 
the brain stem dorsoIateraIl> in the upper medulla Tlic blood 
supph to this region is usuall> a long circumferential artery ansing 
from either the \ enebral or basilar trunks One of the most com- 
mon causes of \ertigo from the neurological \nc%vpomt, is threat- 
ened occlusion or insufficienc\ of the basilar vertebral s>-stcm The 
first symptom is \er^ apt to be vertigo of violent degree lasting 
from two to fifteen or more minutes Sometimes recovery is slower 
than this due to more profound ischemia but usually in the initial 
episodes the dizzine«:s is of bnef duration Tliere may or may not 
be associated symptoms When present, transient circumoral ting- 
ling or numbness sensorv disturbances of one or both sides of the 
body or slurred speech will suggest that an occlusion m the 
vertebial basilar svstem i» threatening Such attacks, of course, 
represent transient ischemia of the brain stem probably ansing 
as the result of vasospa'm of small twigs Tins clinical picture is 
in contradistinction to vvhat mav occur m the peripheral vesti- 
bular mechanism In our evpcnence, one of the most difficult 
differential diagnoses is betvveen threatened occlusion m the basilar- 
vertebral svstem and what is now thought to be threatened occlu- 
sion of the vestibular artery The latter diagnosis is questioned b\ 
some based upon a dearth of pathological verification Neverthe- 
less in our own experience and that of others,” ** the diagnosis, 
based upon the natural history of the disease, seems logical In 
threatened occlusion of the vestibular orten, vvc have seen mul- 
tiple attacks of severe spontaneous vertigo of sudden onset usually 
lasting several minutes but when more severe ischemn has l>ecn 
present the episodes mav last much longer, the svmpiom gradually 
subsiding As long as the attacks are transient i e , sudden spon- 
nneous vertigo vvith rapid decrement, wc feel that the vessel his 
not become occluded Wlicn complete occlusion does take plicc, 
the svmptom of spontaneous severe vertigo is apt to be rcpliccd 
bv postural vertigo wherein the patient becomes dizzv when he 
turns to the affected side The abilitv to precipitate vertigo by 
turning the head to tiic affected side decreases w ith qtitckh rcpeaiwl 
trnls as a result of Inbituation It is often necessary to hive die 
patient turn first to the unaffected side before being able to bring 
about the postural effect This tvpc of svmpiom complex, i e , 
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postural scrtigo rather than spontaneous \crtigo, represents, to 
us, residual damage of tlic vestibular mechanism rather tlnn tlie 
sumulntorj* t)-pc of phenomenon seen m the acute phase of altered 
function 

Vertigo alone maj be observed in vertebral-basilar insufTicicnev 
involving the brain stem nuclei Tlic vestibular nuclei arc more 
susceptible to h)'po\ia than other adjacent structures \\c have 
noted inlcrv’als of >cars between isolated vertiginous aincks 
Sooner or later, if the lesion nuobes the basilar-v crtcbral svsteni. 
s)inptoms referable to the brain stem structures adjacent to the 
vestibular nuclei, as well as ccrcljcllum and occipital lobe struc- 
tures, will become manifest It is important to rcalire that the 
actual site of vascular obstruction ma> be .it some distance pros- 
imal to the circumferential or vestibular artcr> giving nsc to ihr 
sjmptom of vertigo Spasm in these vessels mav result from an 
obstruction m the vertebral artery at its origin in the neck or 
along Its cervical course It thus ma> lie amenable to suiTfical 
ihcrap) Tlic presence of a bruit m the supraclavicular area over 
the subclavian artcr> ma> be of great value in directing our 
attention to the primar> disturbance 

It IS essential to make a prompt diagnosis of tlireaicned occlusion 
m the areas under discussion in order to institute treatment at 
the earliest possible moment Adela) of even a few hours ma> prove 
disistrous Most of our patients have been anlicoagulaied In our 
experience this has been an cfrcciivc mctliod of handling the prob- 
lem Others prefer to cmplo) angiograph) followed l)> surger), 
vs hen indicated In sudden complete occlusion of tcriTunal branches 
of tl 0 Insilar-v crtcbral s>stcm such as the posterior inferior cere- 
bellar nricr>, without preceding insufncicnc> attacks, aniicoagu- 
laiion IS not indicated llicrc is sufficient clinical exjenenre to 
lead one to believe that in such eases there is verv little danger of 
spread of the occlusive process Ancicoaguhtion is indicated oiilj 
vvhen one is endeavoring to prevent occlusion or its spreat! 

Multiple sclerosis is .i disease of systems in which plaques tend 
to fonn in s|xxific locations within the central nervous s\itcm 
Hetrobulbir neuritis and ccrclicllir signs arc iisu ilJ> prrseni. 
and vertigo is also common iltic to lesions in the vcsiil uhr nuclei 
In nnn> instaiues vertigo is the presenting sjinpiom If tie 
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patjent also gi\es a history suggesting retrobulbar ncuntis, cere- 
bellar or long tract signs occumngwuh exacerbations and re- 
missions, the diagnosis is not too difficult The presence of a first 
zone colloidal gold curve in the spinal fluid ma> be an important 
diagnostic clue There are several additional factors in the natural 
histor> of this disease that mav also be of assistance in early 
diagnosis First, the patient is usually a young adult, and second, 
the symptom has a fairly constant duration before improvement 
begins It IS usual for an exacerbation of multiple sclerosis to begin 
remission in approximately two weeks from the time of onset, 
regardless of the presenting symptom 

Viral diseases of the encephalomyelitic group may give nsc to 
vertigo During the invasive period the vestibular nuclei arc in- 
volved This in fact, is particularly true of poliomyelitis where 
vertigo associated with nystagmus is frequently observed during 
the invasive penod In monkeys there is anatomic evidence which 
corroborates this clinical observ ation Others of the vjral encephalo- 
myelitides may produce more lasting vertigo, depending upon the 
extent and distribution of pathological involvement The clinical 
course systemic accompaniments, and spinal fluid findings should 
suggest this diagnosis 

I would like to discuss a nosological category with which I have 
difficulty This is the group of so-called benign vertiginous slates 
which include toxic labyrinthitis, epidcrmc vertigo, vestibular 
neuronitis, and pseudo-Mcnierc’s syndrome It is my belief that 
the diagnosis of “toxic labyrinthitis” has been overworked It is 
used too often to hide a lack of awareness of the true cause of the 
dizziness We arc all aware of the fact that a great manv cases of 
vertigo go undiagnosed in spite of examination bv the most com- 
petent clinicians It is certain that toxic substances can cause 
vertigo, but before incnminating a toxin, that substance should 
be known and not hypothetical Alcohol, Dilantin, and Tndione 
when taken in excessive doses can produce a distinct sensation of 
vertigo, associated with nystagmus, and with noticeable positional 
eflects '* In addition, cerebellar signs arc usually present Solvents 
such as those used in the cleaning industry have also liccn observed 
to produce similar symptoms Streptomycin has a special affiniiv 
for the vestibular nuclei »* ” Tlic sensilivny to this drug vanes 
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from patient to patient, but, m general, Nestibular imoKcment is 
related to the amount given and the duration of administration 
Vertigo of a subjective nature is apt to be present onI> early in 
the course of the affliction, and m our experience it has been 
found to occur most commonly where there is as>'mmetncal 
involvement of the two sides Shortly after onset the simiptom of 
dizziness gives way to a persistent state of unsteadiness without 
any true vertigo The patient usually adjusts partially to this 
unsteadiness but it is apt to be permanent 

It IS most likely that epidemic vertigo, as described by Pedersen'* 
and Dalsgaard Nielsen,'’ represents a discreet form of brain stem 
encephalitis Cases in which there was a transition to obvious 
encephalitis were described In some cases a slight increase in 
spinal fluid cell count was noted, in others mild abnormalities m 
the pattern of the electroencephalogram were recorded Caloric 
tests and audiologic studies were normal although some patients 
had mild subjective auditory complaints Onset of vertigo usually 
followed gastrointestinal or upper respiratory symptoms There 
was often a diffuse headache Nystagmus, if present, was of a 
central type 

It IS interesting to note that those cases m Pedersen’s senes with 
a prolonged paroxysmal course were in reality evidencing postural 
vertigo rather than spontaneous vertigo Tins we interpret simply 
as evidence of residual asymmetric damage rather than recurrent 
paroxysmal disease It is probable that these cases can be called 
epidemic vertigo only because of their occurrence in clusters We 
have never seen an epidemic of pure vertigo, and as far as can be 
determined from the literature, this is primarily a Scandinavian 
disea^ic 

Paroxysmal vertigo alTecting the thirty to fifty year age group 
and characterized by absence of cochlear signs and symptoms, 
but with alterations in vestibular responses, especially tlie galvanic 
reaction, has been described by Di\ and Hallpikc '* In many 
cases changes were bilateral and consisted of moderate to severe 
canal paresis combined in some with directional preponderance 
It was felt that the condition was often associated with foci of 
infection and was benefited by treatment directed toward the 
eradication of these foci Tlic duration of illness vvas as long as 
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two years, with the caloric response returning to normal in some 
instances The alteration of the gahanic response suggested to the 
autl ors that the les on was central to Scarpa's ganglion Perhaps 
because of the selective nature of the case matenal seen b> neurol- 
ogists, we seldom recognize this nosologic entity It seems to be 
more easil> suggested in retrospect than at the time the patient 
IS first seen 

Inflammatory reactions in the subarachnoid space, caused either 
b> blood, as m subarachnoid hemorrhage, or b\ purulent or 
aseptic meningitis, may also cause sertigo with nystagmus It is 
presumed that in these patients the dizziness relates to the presence 
of noxious substances in the subarachnoid space with secondary 
invoKement of the vestibular nuclei As the condition clears, the 
symptom of vertigo disappears There are usually no accompanying 
neurologic symptoms suggestive of localization m the area of the 
vestibular nuclei or in the eighth cranial nerve The obvious 
findings of diffuse severe headache, lethargy, photophobia, and 
stiff neck usually overshadow the complaint of vertigo 

It IS thought by many that the vestibular apparatus has cortical 
representation, probably in the superior temporal gyrus '• Alter- 
ations in the level of cortical excitability in this area may produce 
the synnpiom of vertigo This may be purely vertiginous or the 
dizziness may be accompanied by other temporal lobe phenomena 
Meningiomas of the spheno d vving extending primarily posteriorly 
may produce alterations in the superior temporal gyrus by com- 
pression or interference with blood supply and thus produce 
vertigo This is, however but one of many evidences of this type 
of grovrth Contralateral weakness, contralateral homonymious 
visual field defect, prominence of the ipsilateral eye, and radio- 
graphic evidence of hyperostosis of the sphenoid wing are impor- 
tant diagnostic s gns Angiography wnll establish the diagnosis 
Vertigo as an aura of convulsive seizures mav result from either 
scar tissue or invasive neoplasm in the temporal lobe The patient 
will experience vertigo initially, but loss of consciousness may 
follow m a matter of seconds The seizure itself may be of the 
grand mal tyi^e or Jacksonian Loss of consciousness may follow 
the Jacksonian march of temporal phenomena, inch >iatory, 

olfactory, and visual distortions 
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Vertiginous epilepsy may occur as a manifestation of hereditar> 
cerebral paroxysmal disorder Characteristically, patients \vith 
this enuty have sudden vertigo of Molent degree The duration is 
brief, seldom lasung more than a few minutes The patient is apt 
to be thrown to the ground, clutching for support Reflex vagal 
symptoms can be of shock-hke quality Following the abrupt 
cessation of the vertigo, the patient may become drowsy for a 
sliort penod of time A patient, whom I saw recently, complained 
of a stabbing temporal pain of momentary duration preceding 
Ins paroxysm of vertigo These symptoms may be associated iwth 
paroxysmal or other dysrhythmic changes m the electroencephalo 
gram In our experience, Tndione has been somewhat more eflec- 
ti\ e m completely relieving this disturbance than Dilantin or other 
anticonvulsants 


PSYCHOSOMATIC DISTURBANCES 
I would now like to discuss the psychosoinatic aspects of vertigo 
Primarily this concept applies to those vertiginous states which 
accompany migraine Vertigo may be associated with migraine 
in three ways First, it may accompany the headaches, beginning 
either just before, during or after the headache Many patients, 
during a migraine attack, have vertigo of severe degree l^is may 
be as incapacitating as the pain suffered by the patient and may 
be responsible for the nausea and vomiting With relief of head- 
ache, the vertigo disappears There is never any residual damage 
to the vestibular system Second, a benign form of vertigo may 
occur paroxysmally as a migraine equivalent Instead of the patient 
having an attack of headache lie may have attacks of vertigo which 
ma^ last for hours or several days The headaches may alternate 
irregularly with the attacks of vertigo We have never seen any 
residual damage to the vestibular apparatus as a result of this 
condition Third, it is our belief that in some instances Meniere’s 
disease also represents migraine equivalents Certainly, many ex- 
acerbations of Meniere’s disease occur in migraine patients, fre- 
quently at the same time the patient is havmg a severe headache 
Perhaps these are two separate psychosomatic entities reacting 
simultaneously to a similar stress rather than Nf^niere’s disease 
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two years, with the caloric response returning to normal m some 
instances The alteration of tl e galvanic response suggested to the 
autl ors that the lesion was central to Scarpa’s ganglion Perhaps 
because of the selective nature of the case material seen by neurol- 
ogists, \\e seldom recognize this nosologic entity It seems to be 
more easily suggested in retrospect than at the time the patient 
is first seen 

Inflammatory reactions m the subarachnoid space, caused either 
by blood, as in subarachnoid hemorrhage, or by purulent or 
aseptic meningitis, may also cause vertigo with nystagmus It is 
presumed that in these patients the dizziness relates to the presence 
of noxious substances m the subarachnoid space with secondary 
involvement of the vestibular nuclei As the condition clears, the 
symptom of vertigo disappears There are usually no accompanying 
neurologic symptoms suggestive of localization m the area of the 
\estibular nuclei or in the eighth cranial nerve The obvious 
findings of diffuse severe headache, lethargy, photophobia, and 
stiff neck usually overshadow the complaint of vertigo 

It 18 thought by many that the vestibular apparatus has cortical 
representation, probably in the superior temporal gyrus " Alter- 
ations in the level of cortical excitability in this area may produce 
the symptom of vertigo This may be purely vertiginous or the 
dizziness may be accompanied by other temporal lobe phenomena 
Meningiomas of the sphenoid wing extending primarily posteriorly 
may produce alterations m the supenor temporal g>Tus by com- 
pression or interference with blood supply and thus produce 
vertigo This is, 1 owever, but one of many evidences of this type 
of growth Contralateral weakness, contralateral homonymous 
visual field defect, prominence of the ipsilateral eye, and radio 
graphic evidence of hyperostosis of the sphenoid wing are impor- 
tant diagnostic s gns Angic^aphy will establish the diagnosis 
Vertigo as an aura of convulsive seizures mav result from either 
scar tissue or invasive neoplasm m the temporal lobe The patient 
will experience vertigo initially, but loss of consciousness ma> 
follow in a matter of seconds The seizure itself may be of the 
grand mal type or Jacksonian Loss of consciousness may follow 
the Jacksonian march of temporal phenomena, including gustatory, 
olfactory, and visual distortions 
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Vertiginous cpilcps) may occur as a manifestation of hereditary 
cerebral paroxysmal disorder Characteristically, patients with 
this entity hate sudden tertigo of \tolcnt degree The duration is 
brief, seldom lasting more than a few minutes The patient is apt 
to be thrown to the ground, clutching for support Reflex \agal 
symptoms can be of shock-like quality Following the abrupt 
cessation of the vertigo, the patient may become drowsy for a 
short period of time A patient, whom I sa\v recently, complained 
of a stabbing temporal pam of momentary duration preceding 
Ins paroxysm of vertigo These symptoms may be associated with 
paroxysmal or other dysrhythmic changes m the electroencephalo- 
gram In our experience, Tndione lias been somewhat more cficc- 
ti\c in completely relieving this disturbance than Dilantin or other 
anticon\ ulsants 


PSYCHOSOMATIC DISTURBANCES 
I would now like to discuss the psychosomatic aspects of \criigo 
Pnmarily this concept applies to those vertiginous states ssluch 
accompany migraine Vertigo may be associated with migraine 
in three ways First, U may accompany the headaches, beginning 
cither just before, during or after the headache Many patients, 
during a migraine attack, have vertigo of severe degree This may 
be as incapacitating as the pain suffered l>y the patient and may 
be responsible for the nausea and vomiting With relief of head- 
ache, the vertigo disappears There is never any residual damage 
to the vestibular system Second, a benign form of vertigo may 
occur paroxy smally as a migraine cquiv aJent Instead of the patient 
having an attack of headache he may have attacks of vertigo whicli 
miy last for houre or several days Tlie headaches may alternate 
irregularly with the attacks of vertigo We have never seen any 
iTSidua! damage to the vestibular apparatus as a result of this 
condition Third, it is ovir belief that m some instances Mdni^rc's 
disease also represents migraine equivalents Certainly, many ex- 
acerbations of M^ni^rc’s disease occur in migraine patients, fre- 
quently at the sirne time the patient ts Invmg a severe headache 
Perhaps these arc two separate psychosomatic entities reacting 
simultaneously to a similar stress rather than M<?nidrc’s disease 



294 


Neurological Aspects oj Auditory and Vestibular Disorders 


representing a migraine equivalent In any event, we believe that 
Meniere’s disease does react to stress and is therefore psychosomatic 
m nature Meniere’s disease, of course, may result in residual 
damage to both cochlear and vestibular structures 

As m all psychosomatic diseases the frequency and seventy of 
symptoms depend on the seventy of the stress to which the pauent 
has been subjected Stress may be of two types First, there is 
physical stress which pnmanly manifests itself as fatigue from 
excessive expenditure of energy It is common knowledge that 
excessive fatigue can precipitate a migraine attack, and, according 
to the concept being discussed, can readily produce attacks of 
vertigo with the headaches, between the headaches, or may 
aggravate a hydrops of the inner ear Stress may, on the other 
hand, be of an entirely different sort This is emotional in origin 
The inability to express feeling constitutes the most serious pro 
vocative factor m this area Patients who develop feelings of anger, 
anxiet), or hate, and are unable to express these feelings because 
of the nature of their personality structures are prone to aggravate 
this type of paroxysmal psychosomatic disorder In treatment it is 
important, first, that the patient become aware of the cause and 
effect relationship between the stimulus which provokes his feelings 
and the headache, vertigo, or hydrops which results When he is 
able to recognize this relationship, it is necessary to review his 
life history with him so that he might have a better understanding 
of the development of the personality characteristics which are 
responsible for his inability to express his feelings, and why he 
became afraid to express these emotional changes The final 
step in treatment is to help him learn to express his feelings m a 
socially acceptable fashion Each step of this process has some 
therapeutic value but if it is possible to complete the cycle with 
satisfactory insight being achieved by the patient, the results may 
be very gratifying It should also be noted that depressive “mood 
swings” may also increase the frequency and seventy of migraine 
equivalents The manifestations of depression such as sleeplessness, 
change in dream content, lack of energy, loss of appetite, and 
weight loss will help to establish the nature of the process with 
which we are dealing Correction of the depression in this day and 
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age IS not too difficult There are numerous antidepressant drugs 
which can be used m conjunction with ps>chotherap> to achieve 
a satisfactory result 

SYMPTOMS OF PSYCHOGENIC ORIGIN 
Finally, there is an aspect of the entire subject of \ertigo winch 
I would like to emphasize Over a period of many >ears it has 
been our expenence that regardless of the cause of the vertigo 
there occurs m a great many patients an insidious transition from 
true \ertigo to a neurotic phobic mechanism This can occur with 
\ertigo of a paroxysmal nature wherein the true \ertigo repeats 
Itself but is interspersed with attacks of a slightly different nature 
also desenbed by the patient as dizziness, but by no means of a 
phjsical nature Likewise, a patient may hate a single tnnsient 
attack of \ertigo tvith no recurrences and yet a transition to these 
severe anxiety reactions may take place It should be emphasized 
that this s^ptom is at least as disabling as true vertigo The 
patient lives in dread of its recurrence His entire pattern of living 
is guided by his fear of this sj-mptom If this pattern goes un- 
recognized, satisfactory treatment of the patient is almost impos- 
sible Whatever one does for the vertigo, if it still exists, will bear 
htde fruit if the patient is Still ridden by his severe anxiety 
All patients mih this type of reaction present similar symptoms 
They experience severe dizziness, but this feeling m contra- 
distinction to true vertigo, does not have a whirling component 
and IS likely to occur only under special circumstances Most of 
these patients do not experience it at home It is a common occur- 
rence in church or m the tlieater Almost invariably, persons who 
have this problem will sit m the last row on the aisle so that 
nothing Will impede their opportunity to exit promptly if symp-» 
toms should occur If a patient with this disturbance goes to the 
supermarket he is not likely to develop the symptom until after 
he has finished his shopping, but if he is impeded m checking out 
it IS at tins point that he feels “trapped” and panic develops 
Recently a patient told me of his symptoms which occurred in 
a cafeteria line As he entered the cafetena he began to feel a 
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“little peculiar” and as he progressed down the line and collected 
his food his knuckles began to tighten on the railing because of 
an onset of dizziness ivhich he feared so greatlj By the time he 
paid his check at the end of the line there ivas still some persistent 
dizziness, but it was less marked than it had been a few moments 
earlier Other patients, when dining in a restaurant, wll experience 
extreme tension, which they characterize as dizziness, after they 
have ordered and are waiting for their food to be served It is at 
this point that they feel “trapped ” Gradually the lives of these 
people become more and more restricted by intolerable fear I 
emphasize again that a tremendous number of these patients 
started with symptoms of true vertigo and gradually developed 
severe and disabling neuroses It should also be remembered 
that true vertigo can occur concomitantly with these neurotic 
symptoms The treatment of this phobic mechanism is most dif- 
ficult The phobia is usually aggravated by an accompanying de- 
pression which, in Itself, requires treatment It is essential that good 
psychiatnc care be afforded the patient in order to tr) to minimize 
the invalidism caused by neurotic symptoms over and above any 
vertiginous elements which may still exist It is m> belief that this 
extremely common pattern has not been emphasized sufficiently 
in the literature concerned with vertigo, and I wish to call attention 
to It at this time In my experience, it is one of the most common 
patterns observed in neurological practice 

SUMMARY 

An attempt has been made to cover various causes of vertigo 
of an organic nature arising from the end organ to the cortex 
It is certain that there arc many causes of vertigo other than those 
described in this review, but most of these are more rare in occur- 
rence The relationship of certain t>’pes of vertigo to emotional 
and physical stress has been pointed out and a devastating form 
of functional disorder, the phobic mechanism, has been related 
to true vertigo To accomplish successful treatment of the patient, 
all of these various manifestations must be fully recognized and 
given proper emphasis in therapy 
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DISCUSSION OF CHAPTERS XU AND XUl 
Dr John R Lindsay, Chicago, Illinois Discussion tvill now be 
open on the tw o papers presented by Mr Caw thorne and Dr Levy 
I do not feel iliat we need to restrict the audience to asking ques- 
tions It may be that some of those present may wish to go a little 
beyond this and make comments upon their own cxpenences 
Dr Kendall B Corbin, Rochester, Minnesota: I have enjoyed 
both of these papers very much, and I am in complete agreement 
w ith Dr Lew ’s excellent summary of the neurological implications 
of vertigo Having read Mr Cawthorne’s papers for many years, 
It has been a distinct privilege for me to hear him this morning 
Several years ago, Dr Williams and I reviewed 632 histones of 
patients whose major complaint was vertigo These patients were 
seen at the Mayo Chnic during 1954 After applynng ngoious 
cnteria to establish the diagnosis of Meniere’s disease, we could 
classify only 1 7 per cent of these 632 patients as falling into this 
category Therefore, I vvould like to ask Mr Cawthome whether 
his group m which 80 per cent were found to have Meniere’s 
•d’l^'ase. 'iiTA Va ‘'.b/KC. wth. or organ, dys 

function only, and whether he may have excluded systemic and 
centra! causes of vertigo from his analysis 

We were far less fortunate m categorizing our patients with 
dizziness In approximately 30 per cent of our group the diagnosis 
was indeterminate even though we had placed cases into the 
dubious etiologic categories of postural vertigo, positional vertigo, 
and other rather ill-defined diagpiostic cntiUes These are purely 



^/ruTologicol Aslfttsm thf Differenhal Diagnosis oj Virligo 299 

descriptive terms and \se really do not know the etiolog) of these 
various subdivisions 

I would also like to ask Mr Cawthorne if he %vould tell us hoM 
he differentiates vestibular neuronitis from acute occlusion of the 
vestibular branch of the internal auditor) artery when the s>mp 
toms or signs are unilateral 

Mr, Terence Cawthorne, London, England With respect to 
the incidence, I should emphasize that all central causes have been 
either excluded or diagnosed for us by our neurological colleagues 
Practically all those cases that I showed )ou were seen at Queen 
Square, where they were probabl) first seen by our neurologists I 
think that my percentage of unclassified cases m that list was about 
12 or 13 per cent, and the list was made up about eighteen months 
ago I would not mind betting that by now it has increased to 15 
per cent or more There is no doubt that there are a number of 
cases observed in which one has to wait for nature and lime to 
clarify the diagnosis 

Regarding the question of how one differentiates vestibular 
neuronitis from occlusion of a vestibular arterial branch, I can 
only answer that I do not think wc know how to do this The 
trouble is that we do not know how and when any of these dis- 
orders occur Dr Levy, m his excellent address, said that there 
is good reason for believing that these entities exist, but one dif- 
ficulty is that wc do not obtain the pathological material on which 
to make a definite observation That is why I hope that Dr Lind- 
say’s temporal bone bank will be fortunate in getting temporal 
bones from people with dizziness, for then we will really be able to 
answer these questions 

Dr. Lindsay: Mr Cawthornc, would Jt also be a factor in your 
incidence of Mdnierc’s disease that you are dealing with a pre- 
selected group of referred patients’ 

Mr. Cawthornc* Thank you for giving me the hint Of course, 
as a consequence of working at a neurological hospital, we tend to 
attract special groups of patients from all over the country, and as 
I spend much of my time — some people think too much of my time 
— in talking about vertigo, the result is that vve do have a selected 
group of cases Tliat is one of the reasons my percentage of Meni- 
ere’s disease is so high, I am sure 
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Dr. Ronald HinchcIiflFe, Iowa City, Iowa: I would like if I 
may, to rise in defense of the London school’s concept of the con- 
dition of vestibular neuronitis 

First of all, with respect to the histological aspect of this condi- 
tion, I think we must bear m nund that it arose m this country 
McKenzie, in I9I7, first used the term “vestibular neuritis ” Tliat 
he used the term “neuritis” and not “neuronitis” may be purely a 
matter of semantics In 1935, alarge senes of cases of vertigo with a 
toxi-infectious etiology was presented in this country by Mc- 
Murray Subsequently, Wright, in London, at the Royal Society 
of Medicine Meeting m 1937, described a large number of cases 
in which he gave evidence for a toxi infectious etiology Hallpike, 
in a discussion of Wright’s paper, agreed that this evidence was 
acceptable However, Hallpike did have objection to Wnght’s use 
of the term “focal labyrinthitis,” pointing out that there was no 
evidence that the toxi-infectious process was directed at the 
labyrinth Subsequently, Hallpike showed by the galvanic test 
that the lesion must be central to the labyrinth (A response to the 
galvanic test depends on the integrity of the neurons, and not of 
the end organs) Hallpike later elaborated this concept of ves 
tibular neuronitis 

Incidentally, I am sure those of you who are neurologists read 
Harrison’s article* ‘Epidemic Vertigo ’ — “Vestibular Neuroniis,” 
published a few months ago, m which he pointed out that Hallpike 
used the term ‘ vestibular neuronitis” because he was not quite 
sure whether the lesion was m the first or second vestibular neuron, 
and the term “neuronitis” encompassed this ambiguity Since all 
these cases have no paraphenomena, as Dr Le\ y has pointed out, 
and no neurological signs to point to the lesion being in the brain 
stem, including a normal EEG and a normal CSF, the lesion must 
be in the first vestibular neuron Therefore, we can revert to the 
original term used by McKenzie in this country, i e , “vestibular 
neuritis ” In doing so, we arrive at the concept of a cranial mono- 
neuritis which, as Wartenberg points out in his very illuminating 
monograph on neuritis and neuralgia, is not rare 

With regard to the toxi-infectious etiology of vestibular neuritis 
which has been doubted at times, the evidence for tins is that in 

•Harrison M S Epidemic Vertigo— Vestilwlar Neuronitis Beam, 85 CM (>2Q, 
1962 
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something like 30 to 50 per cent of these cases there are \-ray 
changes m the sinuses and good evidence for sinusitis This is far 
beyond what we would expect from the prevalence m the general 
population (about five per cent) Moreover, after evclusion of the 
sinusitis group, a large number of the remainder have an elevated 
sedimentation rate Perhaps 1 have now convinced some of my 
colleagues m this country tliat vestibular neuritis is not purely a 
London disease It does exist in this country and ive have seen 
a number of cases 

The identification of to\i-infectious factors in the etiology of a 
neuritis does not, of course, preclude other factors Several papers 
have appeared in the past seventy-five years referring to the produc- 
tion of a neuritis by vascular disorders, including arteriosclerosis 
Why should a cranial mononeuntis, such as vestibular neuritis, be 
the exception’ However, the majority of cases of vestibular neuritis 
occur in the pre-artenoscleroiic age group Incidentally, acute 
occlusion of the vestibular branch of the internal auditory artery 
frequently does not enter into the differential diagnosis of vestibular 
neuritissince,asDixand Hallpike pointed out, thev ertigo mthelat- 
ter condition IS “usually, but not always, paroxysmal m character ” 

Another thing I might mention is that in this large senes of cases 
of vertigo we are doing a number of tests We are doing not only 
tests for toxi-infectious etiologies, but we are also performing 
electronystagmography, electroencephalography, and determining 
the protein-bound iodine value, in addition to the full clinical 
examination And the problem that we are coming to now is not, 
“Can we find something to which one might assign the cause of the 
vertigo, but which of the half dozen positive tests indicates the 
probable cause of the vertigo’” 

Dr. David Dolowitz, Salt Lake City, Utah* I enjoyed Dr 
Levy’s almost textbook coverage of the material, but I wish to 
know why he felt that streptomycin was attacking the vestibular 
nuclei All of our evidence indicates that it affects the end organ 

I also must rise to say that epidemic vertigo is not just a Scandi- 
navian disease When I was in the service I had thirty-two cases 
develop m one day, all of which were well VMthm one week Fortu- 
nately, none of these patients had sinusitis so we need not enter 
into that ailment The vertigo appeared following an attack of a 
form of “flu ” 
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Dr. Irwin Levy, St. Louis, Missouri: The question asked was 
in regard to streptomycin I am aware that the changes in the 
periphery are rather profound, but I believe there is also evidence 
that changes occur m the central nuclei * 

As far as the epidemic vertigo is concerned, I simply have not 
seen any similar epidemics to compare with those described m the 
Scandinavian literature but I am interested to learn that some ha\ e 
occurred 

Dr. Lindsay: I was pleased to hear Dr Levy object to the term 
“toxic labyrinthitis ” Unfortunately, I think that this term has 
been thrown around too much It should be remembered that 
there is such a thing as a virus labynnthitis We have documentary 
proof of this in some of our acute contagious diseases such as 
mumps, measles, and maternal rubella, and we may have it in 
other clinical cases where we have seen an inner ear invaded and 
destroyed by an upper respiratory infection, m which there was no 
evidence of bacterial origin, so we assume that it was viral There 
fore, we must not forget that there is at least such a thing as 
peripheral viral labyrinthitis, but I am in entire agreement that 
the term “toxic labyrinthitis” should not be used loosely 
Dr. Herbert B. Goldman, Rockville Center, New York: 
Otologists are often called into consultation regarding patients with 
vertigo following whiplash injury I wonder if Dr Levy or Mr 
Cawthorne would discuss this from their respective points of view 
Dr. Lindsay: Dr Levy, will you undertake to answer this 
question^ 

Dr Levy Dr Fields probably has some information regarding 
this in the next paper, so I think it would perhaps be belter to wait 
for his presentation 

Dr. Lycurgus M Davey, New London, Connecticut; I would 
'n'se to ask Mr Cawt’nome a tjoteslitm titad ac/i 

positional vertigo and nystagmus 

In 1944, Denny-Brown and associates ascribed this condition to 
a brain stem lesion We have a few cases m our series which were 

•Review? of recent work reveals cvmJcdcc thal the site of stieoptomycia toxicity may 
be pnmanly m the end organ and that changes in the central nuclei may be due to 
secondary trans synaotic dcjeneration (hlcGee, T M > and Olszewski, J Strepto- 
mycin sulfate and dihydrostreptomycm toneity Behavioral and histopathologic 
studies Arch Otolaryng 75 295, 1962) 
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seen earl) The nystagmus and vertigo were quite intense, the ca- 
loric tests showed, primarily, directional preponderance, but there 
was a total absence of any neurologic symptoms other than \ ertigo 
and nystagmus On the basis of what Mr Cawthorne has taught 
me at the National Hospital, 1 sincerely believe that these cases 
without concomitant neurologic signs represent an end organ 
injury and are related to the utncle I wonder if he would care to 
comment on this 

Mr, Cawthorne: We first became aware of this during the war 
when we had a large rehabilitation unit for people suffering from 
head injuries and vertigo There was a remarkable similarity be- 
tween those patients who had had a labynnthectomy for Meniere’s 
disease and those who had been thrown off motor bikes and 
crashed on their heads Their symptoms were similar and they 
reacted well to special head and balancing exercises which Cooksey 
and I devised at tliat time Later, I read a very interesting paper by 
another Qjueen Square man, Denny-Brown, who discussed accelera- 
tion concussion and showed that certain acceleration or decelera- 
tion produced a concussing effect on the head He did this work 
with cats and examined the cerebrum and brain stem, but un- 
fortunatelydid not examine the cars 

Of course, you know that the pan of the nervous system which 
IS going to he most readily stimulated by any movement is the 
otolith organ This organ is designed to respond to the slightest 
movement If you get a sudden movement, whether whiplash or 
sudden stopping or starting, the part of the nervous system that 
will sufler most is the otolith organ I am sure that if you saw a 
lot of head injuries soon after the injury occurred, you would find 
that many of these victims would have positional vertigo and 
nystagmus of tlie end organ type which often clear up later I am 
sure that damage can occur in the cerebrum or in the brain stem 
m more advanced cases of acceleration concussion, but when the 
concussion is minimal and the patient recovers quickly there may 
be some disturbance m the end organ I think that it is the utncle 
which IS involved 

Dr. Franz Altmann, New York, New York: Regarding the 
occlusion of branches of the internal auditory artery, I think that 
tile branch which is most frequently ocefuded is the vestihulo- 
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cochlear branch which supplies not only the utricle and two of the 
semicircular canals but also the basal cochlear turn, and thus in 
cases of sudden occlusion we find, m addition to the vestibular 
symptoms, a sudden drop in the high tones This might be helpful 
m differentiating cases of vestibular neuronitis from cases of 
vascular occlusion of branches of the internal auditory artery 
The second point I want to make is that we should be extremely 
cautious in speaking about the etiolc^y of Meniere’s disease, for 
instance, in classifying it as a psychosomatic disease The only 
thing we know about M&iiere’s disease morphologically is that in 
advanced cases we have a dilatation of certain parts of the endo- 
lymphatic system, but since the membranous labyrinth is sus- 
pended m the perilymph within a cavity with rigid walls, we know 
that an increase in the amount of the endolymphatic fluid must be 
parallelled by a decrease m the amount of the perilymphatic 
fluid Meniere’s disease is primarily a disease of the labynnthmc 
fluids We know very little about the vascular and nervous supply 
of the sites where the endolymph is produced, we do not know 
the chemical changes which must occur, or which fluids or mol- 
ecules go across semipermeable membranes within the labyrinth 
Therefore, I do not want to say that it is impossible that M^niirc’s 
disease is a psychosomatic disease, but I feel that we should wait 
until we know more about the norma! physiology of the laby- 
rinthine fluids before we make any statement about the etiology 
of the disease 

Dr. Levy. In regard to Dr Altmann’s discussion, I do not think 
that classifying Meniere’s disease as psychosomatic implies any 
thing about etiology It implies more about the dynamics of fluctua- 
tion of symptomatology rather than etiology We know nothing 
about migraine, either, m terms of euology, but I do believe there 
is evidence that Meniere’s disease as well as migraine can fluctuate 
with stress 

As far as the occlusive disease is concerned, I would agree whole- 
heartedly with what Dr Altmann has said We have seen some 
patients who had auditory symptoms along with vertiginous 
symptoms, and this helped immeasurably in making the differential 
diagnosis 
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EFFECTS OF VASCULAR DISORDERS ON THE 
VESTIBULAR SYSTEM* 

William S Fields, M D , and Joroe Weibel, M D 


XhE vestibular apparatus is particularly scnsiti\e to alterations 
in arterial blood flow Such alterations may be due to local changes 
m the terminal arterioles or secondary to more profound clianges 
in systemic circulation In the past, more consideration has been 
given to causes of a local nature than to those which arc more 
remote in ongin Many of the factors involved m ischemn in 
brain stem structures have only recently been brought to light 
and, m some respects, are still not completely understood 

In the past ten or twelve years interest in cerebro\ascular 
disease has increased, particularly in regard to recurring s^miptoms 
of a somewhat obscure nature The stimulus for this interest was 
provided in 1951 by the observation of Fisher' that softening within 
the cerebral hemispheres might be due to obstructive lesions in 
the extracranial portion of the internal carotid artery Since then, 
much attention has been focused on the importance of extracranial 
arterial disease as an etiological factor in cerebral ischemia and 
infarction 

On several' occasions a'uring tfws symposium reitrence has hcen 
made to v ertebro-basilar insufficicnej (basilar insu/Hcicncy) as a 
cause of episodic vertigo TTie implication has been tliai this recur- 
ring sj'mptom is due in some manner to reduced blood flow in the 
arteries of the brain stem, but I hasten to point out tliat in some 
individuals insufficiency in the basilar artery maj be due to 

•From the Depirtmcnl of Neurology, Baylor Univemty College of Medicine 
Houston, Tex-vs This work was supported in part b> USPHS Grant HP-04763 
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disturbances in portions of the artenal s\stcm at a considerable 
distance from the terminal \csscls Furthermore, one cannot ex- 
clude disease m the carotid arteries as a cause of \crtcbro-lnsi!ar 
insufficiency since these \cssels may be important sources of col- 
lateral blood flow through the arterial circulation at the base of 
the brain * 

It is now possible to demonstrate by means of artcnographic 
procedures many of the pathological processes uhicli retard blootl 
fiou in the basilar artery Tliese techniques ha\c cnabletl us to 
visualize many events which hitherto had been suspected Inn could 
not be documented 

This report is based on arienographic studies of approximately 
2,000 patients in whom the admitting diagnosis was cerebro- 
vascular disease 

ANATOMY OF BRAIN STEM ARTERIAL CIRCULATION 

Before considering the pathophysiological meclianisms involved 
in vertebro-basilar insufficiency, it is important to review lincfly 
the anatomv of tlic blood suppiv to the brain stem (Fig 1) 

The basilar artery is a midlinc trunk King on the ventral aspect 
of ilie hindbrain It receives its primary blood supply from a con- 
fluence of the two vertebral arteries vvhich enter the cranial cavity 
through the foramen magnum This connucnce is normally sit- 
uated at the junction of the medulla oblongata and the pons 
\t Its rostral termination the basilar artery bifurcates into the 
posterior cerebral arteries which course laterallv around the 
mesencephalon (midbram) and then pass posteriorly above the 
tentorium to supply the medial and inferior aspects of die occipital 
lobes of the cerebrum (visual cortex) Tlic pnncipal branches of 
this arterial svstem in the posterior fossa arc 

1) The posterior mjerior caebellar arteries originate, one on each 
side, from the vertebral arteries proximal to their confluence 
These vessels supply the htcral tegmentum of tlie medulla and 
the inferior surfaces of the cerebellar hcmisplicrcs 

2) The anterior spinal artery is formed by a branch from each 
vertebral artery These branches unite in the midline anterior to 
the cervical spina! cord and descend in a common trunk along 
ts ventral aspect 
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Fig 1 The arteries at the base of the brain (posterior half) A poruon ofllie right 
cerebellar hemisphere has been removed m order to show the right posterior 
cerebral arier> throughout its course 

hejf to AbhrfViaUons 

Am Cercbr — Antenor Cerebral 

Ant Inf Cerebell — Antenor Infcnor Cerebellar 

Ant Spin — ^nterlor Spinal 

Bas — Basilar 

Int Audit — Internal Auditory 

Int Car — Intemal Carotid 

Lt Vert — Left Vertebral 

Post Cercbr — rmtenor Cerebral 

P Comm — Posterior Communicating 

Post Inf Cerebell — Posterior Inferior Cerebellar 

Rt \'ert — Right Vertebral 

Sup Cerebell — Superior Ccr^tellar 
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3) The anUnor infemr cerebellar atlerus are paired brandies 
originating from the basilar arterj almost irnmcdntclj after us 
ongin from the \ertebral artencs Tlicse vessels suppK the lateral 
tegmentum of the louer half of the pons and the anterior inferior 
aspects of the cerebellar hemisptieres 

4) Tlie penetrating pontine branches arc small arteries, varying m 
number, which originate at right angles from eitlier side of the 
basdar artery and supply structures withm the pons 

5) The internal auditory arteries onginate just below the mid- 
portion of the basilar arterv and on each side accompany the 
eighth crania! nerve through the internal auditory meatus to 
supply the structures of the interna! ear 

6) The superior cerebellar arlenes originate close to the termination 
of the basilar anerv Tlie ancr), on each side, passes JatcraJward 
just below the third cranial nerve, vvhich separates u from the 
posterior cerebral artery and courses around the cerebral peduncle 
to supply the upper surface of the cerebellum (Anastomoses lx* 
tween branches of the three pairs of cerebellar arteries arc present 
on the surface of the cerebellar hemispheres Tlicsc nnasiomoscs 
may be important sources of collateral circulation when occlusion 
occurs in the midportion of the basilar artery) 

T^e postenor communicating arteries of the circle of Wilhs 
form a potential anastomosis between the internal carotid artery 
on each side and the basilar arterial system Tins anastomosis is 
more potential than actual since it serves as a source of collateral 
blood supply onlv when the flow into the basilar artery from lU 
usual sources is diminished * Tlie posterior communicating artery 
on each side originates from the posterior aspect of the internal 
carotid artery immediately after the latter exits from the cavernous 
sinus and then courses postenorly to join the postenor cerebral 
sritry approvimaiely one centimeter distal to its origin 

Tlie extracranial arlenes, with which we arc primarily con- 
cerned in this report, onginate on the nght side from the innom- 
inate arterv (brachiocephalic trunk) and on the left side as separate 
stems from the aortic arch On the right, il e innominate artery 
normally divides into the common carotid and suLclavian artenes 
The first Lranch of each suLclivian arterv is tlic vcrtcliral irtcry, 
whicli originates from the postenor and superior aspect of the 
parent vessel immcdiaielv afier it exits from tlic irediastmum 
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Viq 2 Schematic rcpres-ntation in anieropostefjor and right lateral vje»«s of the 
great vessels and coune of the \ertefafal arteries show mg the rc!auon«hii) of the 
%ertebral arteries to the ccrMcil spine 


Eacli vertebra! artcrj courses ccphalad and ascends tliroUj^h the 
foramina in !)ie transverse processes of the upper si\ cervical 
vertebrae (Pig 2), then turns posteriorly and medially around 
i!ic superior articular process of t!ic atlas and enters tlie skull 
througli tlic foramen magmim Then as prcvioudy described, at 
tile lower border of tiic pons it unites vviiii t!ie vessel of tlic op- 
posite side to form the ba«ilar artery 


CLINICAL MANIFESTATIONS AND PHYSIOLOGIC\L 
MECHANISMS OF BASILAR INSUFFIENCV 

The rerm dasr^ar insnjptrrTiy finre ««cd 65 I^rnny rn 
1953 to describe rccurrin" symptoms presumed to be iclatcd to 
inadcijuacy of the basilar artcml svstem as a result of artena! 
mrrouintj, arterial occlusion, or anatomical anonnly with con- 
comitant nhcre*d svsicmic blood pressure llic svndromc has been 
described as including cquihbralory, vnsual, auditory, and somatic 
motor and sensory disturbances Of these symptoms vertigo is b\ 
far the most common according to Wilhams and Wilson,* occur- 
ring m -48 per cent of ilieir cases Vertigo may be the only svmpiom 
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m some attacks, but m most patients it will be accompanied b> 
other manifestations of brain stem or occipital lobe dysfunction 

Changes m blood flow in the basilar artery are dependent upon 
cardiac output, which may in turn be dependent upon peripheral 
resistance, blood volume, and alterations in posture Blood flow 
in any given arterj in the body constantly vanes, but m normal 
persons, the cerebral flow is protected from these changes by the 
vasomotor effect of circulating carbon dioxide When arterio- 
sclerosis is present m the basilar artery or adjacent vessels, the 
efficiency of the chemical vasomotor mechanism is greatly reduced 
by the rigidity of the vascular walls When these conditions prevail, 
the remote effects of systemic blood pressure alteration by loss of 
blood volume, anemia, or postural change will be more marked 

A steep gradient in pressure is present between the aorta and 
the thin terminal arterioles of the pons When systemic pressure 
falls, pressure and flow are reduced distal to obstruction m the 
arterial system whether the obstruction is on the basis of athero- 
sclerosis, anatomical anomaly, or mechanical compression As a 
consequence, flow m the basilar artery may be reduced to sucli 
a level that flow in the terminal arterioles of the Jong pontine 
branches falls to 2 ero 

The vestibular nuclei, located far laterally in the tegmentum 
of the pons, are supplied by long, tenuous vessels, usually without 
branches, and are therefore especially vulnerable to ischemia Tins 
fact alone could explain why intermittent vertigo is the most 
common early manifestation of vcrtcbro-basilar insufficiency 

The chief concern in this report is with the minor syndromes 
of basilar artery insufficiency which consist of transient episodes 
that disturb otherwise normal health An attempt is made to offer 
explanation for some of the previously unaccountable symptoms 
of a neurological nature encountered most particularly in later life 
'kw *het. 'jaurjUs. vo. our seevts. ba/1 complete 

radiographic visualization of the carotid and vertebral artencs, 
some of them might well have been categonzed as having vertigo 
of unknown etiology in accordance with the classification p 




Hg 4 Arlenes removed from the base of the bram m a pauent \'uh advanced 
aricnosclcrosis Right vertebral artery is small and terminates in the posterior 
inferior cerebellar artery Communicaiion between it and the basilar artery is 
diminutive Left vertebral artery »s larger than normal and continuous wiih the 
basilar artery 





Fig •'a) Right siibcloMan arteriogram sho'Mog large \rriebral artery wiiliout 
cMdencr of abnormally b) Left subHavun arteriogram slioMing h)pophstic 
vertebral artcrv with evidence of stenosis at lU origin 

Wlicn this anomal) is present, tlic tcrmimiion of the vcrtchnl 
artery is in the posterior infenor ccrcbclhr nricr^ , and the pnncipil 
source of blood suppi) to the basilar artcrv is from the ojiposiie 
(larger) vertebra! artcrv FIovv m the basilar artcrv n’lj therefore 
bcsenouslv compromised bv an> faciorwhich tcmporanlv narrows 
the Single remaining trunk upon which it is Jargcl> dependent 
Wide vamtions in the relative size of the ccrvic.il portions of 
tlic vertebral arteries Invc been observed (Fig 5), some of the 
more ItvjioplastJC ones termmatmg rn the neck witJjoul jntra- 
crannl communication*’ (Fie 9b) In our senes of 1,200 bilater.rl 
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ll- 6 (CarJ) \nieroposiertarprojfcimnvfri^ht3iibcit\iantrtenn[’ramtirmrn 
Uraiing d inl ccnical and intricranial branches of dm right internal ran tid 
and right tcrtchral artcrirt Three duiinct sitw of nurkrd ftenoiii ire deni m 
itraird iv«o in ihe distal scgirmm of the \rrlcbral anrrv and a third mild )"er 
one third of the fiasihr artcr> 
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IS occluded b} atherosclerosis and thrombus /brmation, \vhercas 
m reality the nonfilling is due to an anomalous ongin 
Atherosclerosis 

Atherosclerotic lesions may be present m the basilar aricrj 
Itself or in the vascular channels which supply it'< (Fig 6) These 
lesions may be in the extracranial portion of the \ertcbro-basilar 
system or in the carotid system which serves as a source of collateral 
blood flow In artenographic studies, one should endeavor to 
visualize the entire circulation, if possible, in order to ascertain 
whether obstructive lesions arc present in the cervical artcncs 
(Cases 2, 3 and 4), the intracranial arteries (Case 7), or l)Oth Tins 
is particularly necessary if a surgical reconstructive operation for 
removal of the obstruction is contemplated With current operative 
procedures, only those lesions located in the ccnjcal extracranial 
segments of the carotid arteries and the extraspinal cervical seg- 
ments of the vertebral arteries are accessible to the vascular sur- 
geon “ Fortunately, lesions deemed responsible for basilar insuf- 
ficiency symptoms are frequently encountered at the origin of one 
or both vertebral arteries from the subclavians (Fig 7), in the 
proximal segments of the subclavian arteries (Fig 12), or in tlie 
internal caroud arteries at the cervical bifurcation of the common 
carotid (Figs 8 and 9) When collateral circulation through the 
circle of Willis is demonstrated by aricnography, consideration 
should be given to treatment of basilar insulTiciency by removal 
of accessible carotid lesions when inaccessible vertebral artery 
lesions are present 
Case 1 

\ seventv three vear old physician was admitted to hospital on 
10 2o-62 wiih a seven month history of recurring, severe, general- 
ized headaches and hvperiension which had been difficult to con- 
irof wii/i medication One month pnor to admission ffic panenr 
had a transient episode of vertigo which lasted about thirty 
minutes Four davs later he had a second, more prolonged episode 
which was associated with dysphagia and dvsarthna His blood 
pressure was 260 150 

Neurological examination on admission revealed mild ataxn 
and generalized hy pcrrcflexia Aricnograrrs on 10-26-62 revTaletl 
stenosis at twositesm the intracranial portion of the right vertebral 

arterv and stenosis in the lowcrone-lhird of the basifararien (Hg 
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F«g 7 (Gur 2) a) Right supraclavicular subclavian ancriocram iihich s' o\ s 
complete occlusion of the right vertebral arter) from its origin Tl ere is filing ofa 
hypoplisiic distal segment aho\e the level of the ffih cervicM verirbrt I > col 
lateral circulattan from the thyrocervical trunk b) Left siipraclaiieular i ib 
clavim arteriogram shiuMng vertebral artery of normal caliber and marked 
stenosis lit Its origin c) Lateral proye tion of left carotid arteriogram sho ing 
fill ng of the basilar artery farroH) bv retrograde flow from the carotid tl rough a 
large posterior communicating artery 


6) The left vertebral oricry v\as vrrv smoll md did not contribute 
to the basilar artery 

One month after discharge (he patient developed sudden Irfi 
hemiplegia associated vviib hcniihypalgcsn ond dvsartliria Al 
though the ncvirological deficit v\ns much improved llic pvtient 
died ofcardio-pulmonarv disease two inontiis liter 

Case 2 

A forlv eight year old womin was idmiltcd to hovpinl for (he 
first time on 8 13 61 bcciuse ofclaudicition in the lower evtremi 
tics For ilwui one veirshelrad Ind episodes of «everc vertigo oc 
casiomlly ivsociatctl with circumoril numbness Ancriognms 
perfonned on 8 14 61 revealed complete occlusion of the right 
vericbnl irtcry at its or»t.in Hith filling of i dumnutne distal 
segment through thyroccrvicil collitcral branches (Fig “a) Ihe 
left vcrtcbml artery shtnverl mintmi! nirrowing it its origin \ 
tramlurnbir loriogranj shoued occlusive disease of the tenrmal 
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abdominal aorta and iliac arteries On 8-J6-61 an abdominal 
aorto-iliac bypass graft was inserted, resulting in marked improtc- 
ment of circulation in the lower extremities The patient was dis- 
charged and was readmitted on 4-29-62 

For about two months prior to the second admission, the patient 
had recurring episodes of vertigo and paresthesia in both upper 
extremities Thcsvinptomswercprovoked by turningoftheheadto 
thenghtside Neurologicalexaininationwasnormal Arteriograms 
were repeated on the second admission, and revealed a marked in- 
crease in the stenosis at the origin of the left vertebral artery (fig 
7b) The upper basilar arterv and both posterior cerebral arteries 
filled b\ retrograde flow from the left carotid injection (Fig 7c) 
A left vertebral endartcrectonn vvas performed on 5-1-62 

The patient wasreadmitted for the third time on 2-26-63 She 
stated that she still had occasional vertigo when she looked up or 
turned her head to the right side, and had noticed a slight un- 
steadiness when arising from a chair or bed Arteriograms were 
performed and demonstrated that the left vertebral artery had a 
vvideK patent lumen throughout The patient was advised to be 
cautious about looking up or turning her head to the right side 

Case 3 

A seveniv-three vear old woman vvas admitted to hospital on 
1-22-63 with a historv of “dizzy spells” for the previous twenty 
vears These attacks became more severe during the vear prior to 
admission and were associated with blurring of vision The attacks 
were usualK brief in duration, lasting only a few seconds The 
svmptoms were provoked particularly b\ postural changes of the 
bodv and head, but were most marked follow mg rotation orhyper- 
extension of the head and neck Occasionally she also became 
nauseated 

Neurological examination was normal Arteriograms performed 
on 1 23 63 revealed marked stenosis of both internal carotid 
arteries at the level of the common carotid bifurcation (Fig 8n 
and b) 

On 1-24-63 a left common and intcrml carotid cndartercciomv 
with dacron patch graft angioplastv was performed Tlic patient 
was discharged on 2-10 63 and at that lime she was asv mptoimtic 

Case 4 

A fort V -four vear old man was admitted to liospinl on 10-22-62 
The patient had developed a sudden onset of occipital headache, 
vertigo and ataxia in Mav, 1962, the svmptoms lasting alxitil one 
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Fjg S {CaseS) a) Bilateral stmulcaneous subclavian arteriogram (tnfraclavtcular 
catheterization) showing tortuous vertebral arteries and marked stenosis of the 
r^ht internal carotid artery at its origin (arrow) b) Lateral projection of left 
common carotid arteriogram demonsiraung marked stenosis at ong n of internal 
carotid artery (arrow) 

hour For one motith prior to this admission the patient had had 
recurrent severe vertigo and ataMa No visual or speech defects 
were present Neurological e>.atnination re\ealed a shghtl> atvMc 
gait and minimal incoordination m the finger to nose test hi 
laterally 

Arteriograms performed on 10 23 62 revealed moderate stenosis 
at the origin of both vertebral arteries Tlie right vertebral artery 
was large and the left one was hypoplastic (Fig 9a and b) The 
latter vessel did not appear to contnbute to the basil ir circulation 
There was marked stenosis at the origin of each internal carotid 
artery (Fig 9c and d) 
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A left carotid endarterectomy with patch graft angioplasu \va' 
performed onlO 24 62 Onll-7 62righijnternaIcarotidandnght 
\ertebra! endartereclorojeswith patch graft angioplast) were per 
formed The patient had an unctentful convalescence, and si\ 
montlis posioperaiivel) had not had a recurrence of his previous 
symptoms 

In 1962, we reported a group of nme patients m whom basihi 
insufBcienc) symptoms were related to unilateral subclavian sr 
renal occlusion The transient attacks m these patients were 
precipitated by physical exercise of the upper cxtrcmits on tlie 
side of the occlusion Exercise of the “pulseless limb” m which 
the blood pressure was reduced increased the metabolic demand 
of the muscles in that limb and produced a siphoning effect in 
the \ertcbral circulation Blood flow uasshort-circuued away from 
the basilar artery by retrograde flow m the vertebral artery on 
the side of the subclavian occlusion When the occlusion was re- 
mo\ed surgically or relieved by bypass graft between the common 
carotid and subclavian arteries, the symptoms of basilar insuf- 
ficiency disappeared and could not be provoked by exercise 
Mechanical Compression 

In order to differcnuate vertigo resulting from mechanical com- 
pression of the vertebral arteries from vertigo due to other causes, 
Hyan and Cope'^ liave suggested the term “cervncal vertigo” 
They ha\ e subdiv ided the etiology of their cases into three groups 
1) spondylosis, 2) traction, and 3) trauma Although “cervical 
vertigo ’ may be of some value in distinguishing these wndromes 
from other forms of basilar insufficiency, we feel it is misleading 
since, m the final analysis, the symptoms are due to iscliemn in 
the area supplied by the branches of the basilar artery We behev c 
tliat compression of the vertebral artenes resulting in vertigo can 
be assigned to the foJlovvjog etiological caiegones 
I. Hyperextension and Extreme Rotation of the Head and Neck 
\s a result of the peculiar anatomical relationship of the ver- 
tebra) artenes to the cervical spine, corrpression of one or hoili 
vessels can be produced by maneuvers of the licad and neck 
DeKleyn and Nieuwcnlmyse** observed that extension of tlie neck 
and turning of the chin to one side severely compromised blood 
flow through the opposite vertebral artery DcKlcyn" later 
described the effect of neck movement and position on flow through 
the basilar artery when one of the two vertebral artenes is small 
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Tissmgton-TatJow and Bammer** demonstrated, by postmortem 
artenography, compression of the vertebral arter> at the atlanto- 
axial level resulting from turning of the head to the opposite side 
They postulated that in the living subject this was most likely 
due to asymmetrical eccentric rotation of the atlas on the fixed 
atlanto axial joint of the opposite side Toole and Tucker** also 
demonstrated in postmortem studies, the influence of head posi 
tioning upon flow m both the vertebral and internal carotid 
arteries Meyer and associates** ** have since reported the effects 
of neck movement on flow m the cervical vessels observed by them 
in angiographic studies Their attention was directed primarily 
to the effects of cervical spondylotic compression of the vertebral 
arteries and to kmkmg or tortuosity of the carotid arteries 
Williams and Wilson,* in a review of the major and minor 
syndromes of basilar insufficiency, have further pointed out that 
vertigo may commonly be associated with postural changes of the 
head and neck, particularly when extreme positions arc mamtained 
for prolonged periods In our expenence, such symiptoms are not 
uncommonly associated with turning of the head while backing 
an automobile or with occupations requiring overhead work 
In spite of the fact that these syndromes have been recognized 
in the past, the mechanisms of compression can only be understood 
when visualized by arteriography Direct vertebral arteriography 
and supraclavicular subclavian puncture ordinarily do not permit 
one to observe the changes associated with alteration of head and 
neck posture since the needle cannot be kept m place at these 
sites during the procedure One must therefore cither place a 
catheter in the vessel or attempt to visualize it by retrograde 
brachial or mfraclav icular subclavian injection 

During the past year, we have employed a technique of bilateral 
mfraclav icular subclavian cathetenzation *• Tlie tips of the cath- 
eters are placed on each side close to the origin of the vertebral 
artery from the subclavian Either a unihicral or a bihtcral 
simultaneous injection is made in order to visualize flow through 
the vertebral arteries with the bead and neck in several different 
positions Bilateral simultaneous injection has many advantaiics 
since rotation of the head to one side may occlude one artco and 
permit flow only through the other When the head is turned to 
the opposite side, the reverse Mtuation is encountered Hyper- 
extension of the neck and extreme rotation of the Jicad arc the 
maneuvers most hkelv to produce artcnal compression 
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When hyperexcension is maintained for a prolonged penod 
‘ giddiness or \ertigo results because of reduced flow through 
both vertebral arteries If atherosclerosis or arteriosclerosis is also 
present the likelihood of such an occurrence and the resultant 
symptoms are increased (Case 6) When the vertebral arteries arc 
occluded the carotid and postenor communicating arteries are 
important compensator> sources of collateral blood flow into the 
basilar artery Disease of the cer\ ical portion of the carotid artencs 
or defective posterior communicating arteries uill further pre 
dispose the subject to basilar insufficienc) symptoms 

Extreme rotation of the neck away from the side of injection 
will frequently result m nonfilhng of the vertebral artery from its 
origin which can easily be misinterpreted as being due to absence 
or occlusion of the vessel at that point However, when ilic head 
and neck are returned to a neutral position and the injection 
repeated the vessel is observed to fill m a normal manner (Figs 10 
and U) It is our contention that under these circumstances dis 
turbance of flow m the vertebral artery is due to stasis of blood m 
the entire cervical portion of the vessel below tlie atlanto axial 
junction at which pome the compression occurs This hypothesis 
was confirmed when bilateral simultaneous injections were made 
and It was noted that there was retrograde flow from the opposite 
vertebral artery into ilie distal portion of the occluded vessel 
beyond the point of compression (Fig 1 1) 

Case 5 

A fortv eight year old man was admitted to hospital on 3 7*63 
with a history of rheumatic fever at the age of tweniv one and 
mitral stenosis and intermittent atrial fibrillation for the past ten 
\ ears The patient also had mild cardiac failure 

On 3 1 63 the patient had a sudden onset of transienl numbness 
and clumsiness in the left arm Twenty four hours later the svarip 
loms recurred in the left arm md leg and the paucnl became 
severelv dizzv and dev eloped thick speech Thescsympion scleared 
up the following day Aiteriograms performed on3 11 63sliowcd 
no evidence of occlusive vascular disease Bilateral siimiltaneous 
subclavian arteriograms showed compression of tiie left vertebral 
artery at the atlanto axial junction when the head was extended 
and rotated to the right (Fig 11a) Thisvcsscl filled nomiallv wnh 
the head and neck turned to the left (Fig 11b) 




Fig 1! {Case 5) a) Bilateral simultaneous infraclavicular subclavian arteriogram 
with head and neck turned to the right The r^ht vertebral arterj is uell filled by 
the contrast material svhich also flotvs m a retrograde direction in the left serte 
bral artery to the level of the allanto axial junciion (arro\%) Tlie left vertebral 
artery is seen famil) in die proximal onc^hird of its course b) Unilateral left 
8ubcla% lan injection \v iih head and neck turned to the left Vertebral arter> is no\\ 
visualized throughout »ts course and appears normal 
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Wc have encountered several cases in winch mcclnnical com- 
pression of the vertebral arierj occurs when tlic vessel enters a 
foramen m the seventh cervical vertebra rather than the usual 
entrance at the level of the sixth vertebra {Fig 12) Tlic com- 
pression IS produced bj hj'perc'ctension in some cases and, in 
others, rotation to the same side rather than the opposite one 
Case 6 

Asevent> >ear old man wasadmiiied to hospital on 9-9 62 unh 
a historj of one jear of didlcullv in walking because of weakness 
of the left lower extrcmiij Transient episodes of vertigo and 
ataxia frequentl> were associated with rapid or prolonged change 
in bod) and head position At times the symptoms were accom- 
panied b) d)sarthna 

Neurological exammaiion revealed that the tongue deviated to 
the left when protruded There was slight ataxia to the left, and 
h\pcrrcfle\ia was present on the right The blood pressure was 
140 70 m the right arm and 120/50 in the left arm 

Arteriograms performed on 9 11-62 revealed moderate stenosis 
of the right internal carotid arler) in its proximal segment and 
intracraniall) in the siphon There was marked stenosis of the left 
internal carotid at the bifurcation of the common caroud and at 
the level of the origin of the left vertebral aricr> from the left lub* 
clavian involving both vessels {Fig 12c) Mechanical occlusion of 
the right vertebral arter> bv hypercxtcnsion of the head and neck 
was noted at the level of the seventh cervical vertebra (Fig I2a) 

The right vertebral artcr> was visualized when the head and neck 
v%cre turned to the right {Fig 12b), but it was compressed in the 
upper cervicil region when the head was turned to the left (Fig 
12cJ 

On 9 12 62 a left interml caroud common carotid endartcr- 
ectom> and left vertebral subclavian pitch graft angioplast) were 
performed The patient was discharged on 9-20 62 and to the pres- 
ent time has remained asvmptomatic 

It has also been noted that the vertebral nrtcr> can lie com- 
pressed in the lower cervical region b) the scalenus anterior muscle 
Compression occurs when there ts an anomalous origin of the 
vertebral arter> from liie posterior aspect of the subclavian behind 
tlic th> roccrv ical trunk and the head is rotatetl sharpl) to the 




Fig 12 (Case C) a) Aight subch%nn ancnogram uiih } taJ and nrck m })>’prr 
fcfemion RtgJu wiebral af(er> fills only to Use lew! of the seventh cmical 
sertebra (arrow) where uappearSolKtructed b) Repeat injection n nth chin do\\n 
and head and neck turned to the right shows fillmg of distal jwriion of sencbnl 
artery up to the first cervical scrtchral level c) Left siihclavivn anenogrvm m 
same patient with head and neck turned to the Je/l Contrast material ouil nrs 
the left vertebral and bandar arteries There is marked sfcnos s at the origin of 
the \ertebral artery front the subclavian (arrow) with invotvemeni of Imth 
vessels Contrast material flows m a retrograde direction m d c right vcrtel ral 
artery to the ailanio-occipinncvel 


Opposite side PoucR** )ns reported relief of vcrttt'inous symptoms 
in such eases by section of the ««alcnus mienor tnuselc 

2 Cervical Spondylosis 

Cervical spondylosis as a cau^c of ncuroloTicnl disorders \ms 
first reporteti by Brain iVortlificId nnd \\ ilkinton *’ I Itrtr con 
cern however, was chiefly with the effects of direct compression 


1 1 " n (Ca r 7) a) Right siibcla%ian arteriogram showing lateral ditplacrmcnt 
and c( mpressi m of the right vericbnl arter) b\ osieoph)tPS at the C*- C‘ level 
(arrow) b) Left subclavian arienograin stiowing identical abnoniuht)- of the 
left vertebral arterv at ilic same level as on the right (arrow) 

of tlic ccrMcal nenc roots and spiml cord bj o^tcophytic spurs 
and degenerated inicrscncbnl discs In I960, Sheelnn, Bnucr, 
and \Ic>cr,*’ b> employing rcirogrndc bncliial artcriograpli), 
demonstraicd comi>rcssion of the \cricbnl arterj b) sponjjlotic 
Jestoas tvben the Itcid nas rotated ind the neck cxtetided JIjcv 
siiggovted tint assocntion of atherosclerosis or arteriosclerosis svitii 
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such lesions might increase the tendcnc> for these patients to 
have episodic basilar insufftciencv {Cases 7 mi S) Our experience 
ujth arteriography has suggested that spondylotic compression 
of the vertebral arteries will not hkelv produce symptoms unless 
the compression is aggravated by postural alteration or athero- 
sclerosis (Figs 13 and 14) It also seems highly unlikely that 
symptoms will ensue ivhen the compensatory mechanisms of col 
lateral blood flow are unaffected Therefore, one must assume that 
the symptomatic patient has either atherosclerosis or vascular 
anomaly of the collateral channels in addition to cervical spon 
dylosjs 

Case 7 

A sivty -seven year old man admitted to hospital on 2-6 63 gave 
a history of “spells” of blurring of vision associated with seveie 
vertigo during the previous two years The patient had had ataxia 
and weakness of both lower extremities for the two weeks prior to 
admission Neurological examination revealed mild parkinsonism 
but no other abnormalities 

Arteriograms performed on 2-9 63 revealed atherosclerotic 
lesions in both internal carotid siphons The right vertebral artery 
was smaller than the left, and both vertebral arteries were com 
pressed b\ cervical spondylotic lesions at the junction of the bodies 
of the fifth and sixth cervical vertebrae (Fig 13) 

Case 8 

A fifty nine year old man admitted to hospital on 5-19-62 gave a 
SIX month history of “dizzy spells” Occasionally these episodes 
were accompanied by diplopia and/or blurred vision TlieattTcks 
v\ere precipitated by turning his head to the right or by looking 
upward 

Arteriograms performed on 5-21 62 faded to ffff the right verte- 
bral artery when the head was turned to the right (Fig 14a), but 
normal filling was demonstrated when the head was turned to the 
left (Fig 14b) The left vertebral artery was large and was com- 
pressed by spondylotic spurs at the junction of the bodies of the 
fifth and sixth cervical vertebrae (Fig I4c) The carotid circulation 
vvas normal The right posfcnorcerebrilartcry filled from the right 
internal carotid artery 
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On 5-24 62 surgery w as performed for the remo\ al of the osieo- 
phytic spurs on the left side Postoperative arteriograms showed a 
morenormalJumen without significant compression (Fig Hd and 
14e) Postoperative!) the pitient has had onl) one brief episode of 
vertigo and no visual disturbance 

Although our expenetice with surgica! treatment in these cases 
IS limited, It appears to us that removal of the offending osteo 
arthritic spurs should be beneficial in relieving vertigo and other 
symptoms (Case 8) We have encountered two otlicr references 
m the literature, one case in each report, where relief of basilar 
insufficiency symptoms has resulted from the removal of osteo 
arthritic spurs ** 

3. Cervical Trauma and Cervical Manipulation 

Cervical manipulation and trauma have been implicated in vas- 
cular accidents of the brain stem It is also certain that they can 
be responsible for recurrent transitory episodes of ischemia m the 
same area Green and Joynt** reported several cases of major 
vascular syndromes associated with chiropractic manipulation 
We have seen one such case m which transient episodes of vertigo 
persisted for three months and then subsided without further 
occurrence Up to the present time wc have not been able to 
perform artenographic studies in such a patient, but an oppor- 
tunity to examine one is certain to arise m the future 
Several authors have reported both major and minor s>ndromcs 
related to vertebral and basilar artery CKicIusion following trauma 
to the upper cervical spine, both vvith and without fracture- 
dislocation ** ** 

In recent years a great deal of attention has been directed to 
the so-called "whiplash” injury of the neck Man) patients will 
xecssmng vexsigo duumy the few days or weeks following 
this type of injury, and occasionally one ma) see major brain 
stem vascular accidents following trauma of this nature 

Case 9 

A twent)-nme year old woman entered the hospital on 3 16-56, 
two days after she had been involved in an automobile accident 
While Slopped at a irafTic light a truck sudden!) ran into (be rcarof 
her car, forcing it into the intersection At the time of tlic accident 
she assumed she was not injured, and after a short delay drove to 
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her ho ne WTien she attempted to qct out of the car slic became 
dizz\ and nauseated and besran \omitin‘’ In a few moments she 
was able to statjjjer into the house and he down on the floor I or 
about lhirt\ minutes she cvpcncnccd evtrtme seriit'o When she 

tried to stand she was unable to keep her balance and siai^gcred to 
the right 

Neurological examination at the time of admission rescaled 
ataxia in the right upper and lower extremities with a tendenev to 
\eer to the right during ambulation The palate and u\aili dc\i 
ated to the left dunng phonation There was marked dilhcultj 
m swallowing and her \oice was hoarse due to paral\-sis of the 
right \ ocal cord The pupil of the nght c\c wassm->ll and there w as 
ptosis of the right upper hd Sensory examination di closed lo<s of 
pain and temperature appreciation oxer the right side of the face 
the left side of the crunk and in the left extremities K diagnosis of 
ri^ht posterior infenor cerebellar artery occlusion was made 
During the next four yyeeks there y\as complete recoxcr) from 
the unsteady gait and Itmb ataxia and distinct impros ement in the 
sensory disturbance SyyallovMng diflficulty and hoarseness per 
sisied W hen last ob erved eighteen months aftcryvards the patient 
had recoxered except for residual diflicullies m swallowing and 
phonation 

In reirospcci {Case 9) ts considered lo be one m yvliicl! bnin 
stem infarction resulted from vertebral artery compression At the 
time this patient ssas seen vse vserc not doing arteriograms m 
such cases Perhaps visualization of both vertebral aricncv \yould 
have demonstrated some pathological variation m the vertebral 
ancnal circulation In view of the fact that the svmptorns and 
signs were related to involvement of the lemtor) supplied b> tl c 
right posterior infenor cerebellar aacrv, we postulate that tins 
case might have been one in which the nght vertebral artcr> 
terminated in die postenor inferior cerebcihr artery lyjlJjouj com 
municaiing wath the ba«ilar artcr> 

\Se have encountered several patients yyho have cxpenciiced 
vertigo dunng the administration of cervical traction It is our 
impression however that vertiginous s>'mptotns can l>c avoided 
if the therapist vmII make certain that traction is administered 
onl> when the head and neck arc in a pouiion of slight flexion 
Schneider and Crosbv“ demonstrated that chronic svinptorrs of 
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brain stem vascular msufficienc> due to lesions of liie cer\ica( 
spmc could be “turned on and off’ hy the application and releise 
of cerMcal traction There »s no doubt that cerMcil traction 
properly applied can relieve symptoms of this nature but wIkji 
improperly applied it can produce S) mptoms of bisilir insufTiciemt 
in patients uho Inve previously had none 

CONCLUSIONS 

By using arteriography, a great deal of information can be 
obtained m patients with recurrent vertigo in whom the came 
cannot be ascertained in any other manner Although in our 
experience arteriography }ns not been hazardous it should not 
be undertaken unless the studies are considered to lead to some 
form of definitive treatment, which in some patients may be 
directed to the removal or bypass of atherosclerotic lesions and 
in others to the removal of cervical spondylolic spurs 
In our opinion there are rational explanations for previously 
unexplained vertigo in many patients, and, furthermore spccifie 
tlienpy may be directed toward the alleviation of symptoms in 
many of them 
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DISCUSSION OF CHAPTER XIV 
Dr Theodore Kurze, Los Angeles I want first to thank ilie 
Houston Neurological Society for the privilege of being here It is 
not often that a person can hear hts two major areas of interest 
discussed tn a single meeting 

Dr Fields is to be particuIarly'congraiuJntcd for his lucid cover- 
age of a most complex subject Wc have seen in our small experi- 
ence some of tlie things he has talked about 

Recently wc have been particularly interested in the variations 
of the distribution of the anterior infcnor cerebellar artery, and I 
would like to underscore Dr Fields’ remarks regarding anatomical 
vanations I believe lint any attempt to determine the extent and 
distribution of the vascular involvement solely by clinical neuro- 
logical examination will seldom yield accurate inform Uion since 
variations in distnbution of blood supply are frequent and the 
effectiveness ofcollatcral circulation is unpredictable 

I think Dr Fields has demonstrated very well liow the vertebral 
and proximal basilar circulation can serve as a collateral source 
of blood flow for ilie subclavian and brachial circulation 
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Dr A J Aguilar at UCLA has rccentl> demonstrated in 
rabbits that when the proximal basilar circulation is ligated, there 
are histological and functional deficits in the frontal lobes winch 
are ordinanly supplied by the carotid circulation Dr. Fields has 
shown us that impairment of caroud circulation can cause clinical 
symptoms usually ascribed to brain stem insuHiciency I wonder if 
he has had any clinical experience or has any comments about the 
possibility of basilar insufficiency producing neurological deficit in 
structures supplied by the anterior portion of the circle of \Villis 

Dr. William S. Fields, Houston, Texas: We have had such 
experience, but it relates to patients in whom there was dem- 
onstrable disease in the carotid arteries There are many reports in 
the literature which state that bilateral complete occlusion of the 
internal carotid arteries is not compatible with normal mental 
function, and in many patients death has resulted This concept is 
no longer tenable However, s>’mptoms of insufficiency m the 
anterior part of the circulation are observed when there is carotid 
artery disease and the individual is virtually entirely dependent 
upon his basilar circulation 

In 1960, with Drs Edwards and Crawford, I reported the first 16 
cases of complete occlusion of both carotid arteries that we en- 
countered We have now seen more than double that number, find 
I am pleased to report to those of you who, like me, are approaching 
this age group that half of these people are still working Twoof them 
happen to be physicians 

Frequently, when the carotid arteries are occluded and the 
posterior communicating arteries are widely' dilated and function- 
ing as anastomoses, extension of the neck v\ill produce aphasia and 
hemiparesis rather than the manifestations usually associated with 
basilar insufficiency' 

Dr. William H. Wilson, Denver, Colorado: Do you subscnlx: 
to the theory that sludging of the blood in the arterioles and 
capillaries supplying either the \estibular nuclei or tlie end organ 
can play a role m vertigo’ 

Dr. Fields: Sludging of the blood in peripheral arterioles has 
been reported by many people working in the laboratory One can 
see rouleaux formation and sludging of blood in small v cssel:. m the 
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We have done far less sui^ery on the extracranial \essels, of 
course, than the Houston group, and thus far are rather timid in 
this approach We rely far more on anticoagulant therapy in those 
patients who have intermittent symptoms or evidence of progressive 
infarction 

My only question of Dr Fields would be concerned tvith tiie 
incidence of complications m subclavian arteriography at this 
stage I know the incidence was greater in his earlier experience, 
but wonder whether it is of significance at the present time In 
addition, I would like to know how he feels about manipulation of 
the carotid arteries for diagnostic purposes in patients who ha\e 
definite evidence of carotid and/or vertebral vascular disease We 
have seen several patients develop hemiparesis following tins sort 
of maneuver 

Dr Fields I am pleased that Dr Corbin asked me to comment 
about the arteriography Certainly, with the impro\ement of 
techniques and the development of less iintatmg contrast media, 
the incidence of complications has greatly decreased in the hands 
of most people doing arteriography in large numbers of patients 

Since we have been using the techniques which I mentioned in 
my presentation, ive have not had a single case of cerebral com 
plication in our senes of 250 patients Dr Weibel and I havejust 
compiled our data for publication We have had local complica- 
tions, intramural injection in two patients, and just the other daj 
we had the first pneumothorax with the infraclavicular approach 
The latter was a common occurrence with the supraclavicular 
puncture where the course of the artery is much more tortuous 
We feel that with the infraclavicular technique we run \ery little 
risk of cerebral complication or of aggravating any of the preceding 
cerebral difficulties 

Dr Corbin’s second question applies, I think, to whether one 
ought to use the carotid compression test Dr Corbm is alluding, I 
am sure, to a recent report by Millikan and Calverly regarding the 
complications of carotid compression We have given this up as a 
diagnostic test I would certainly warn against it as an office pro- 
cedure We think the only way to do it, if one is going to do it at all, 

IS during electroencephalographic recording I think, howe\er, 
that It is still risky, even under such control 
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Dr. Lycurgus M. Davey, New Haven, Connecticut: I would 
like to ask Dr Fields a question about the incidence of vertigo in 
relation to whiplash injury Most of these patients usually complain 
more of “giddiness” than true vertigo I wonder if he has studied 
m greater detail those patients who complain of true vertigo by 
using teclmiques such as positional and caloric tests 
Dr. Fields: No, we have not done this I would say that in such 
patients as far as the incidence of true vertigo is concerned that it 
IS probably tery low I think that what we see is just wliat you 
mentioned — “giddiness ” Initially, these people may have true 
vertigo during a period of a week or ten days following injury, but 
then It IS replaced by the giddy feeling 
Dr, John R. Lindsay, Chicago, Illinois* I would like to ask 
Mr Cawthorne if he has any comments to make at this time 
Mr. Terence Cawthorne, London, England: No, except to 
admire those beautiful pictures we have seen I think there is no 
doubt that vcrtebro-basilar insufficiency plays an important part m 
vertigo, but I sometimes wonder whether all the anomalies that 
we see with vertebral arteriography are causing the symptoms or 
whether they Iiappen to be there without any symptoms 
What I am sure about is that when I get back to England I shall 
go into this matter a great deal more with my radiological col- 
leagues, Dis Hugh Davis and James Bull I have alrcadyinterested 
them in this as a result of what wc heard from Dr Fields last year, 
and wc are going to try to do some of this work 
Dr. Fields; I do not think that anomalies alone can be respon- 
sible m any given case whether the insufficiency syndromes involve 
the cerebrum or brain stem Symptoms arc either minimal or 
ab'ient if the patient has adequate collateral circulation, regardless 
of the situation in which be may find himself, but if the collateral 
circulation is impeded by anomalies, atherosclerosis, or mechanical 
compression, alone or together, then symptoms wall ensue 

Dr. Lindsay: Dr Levy, would you care to make some further 
comments’ 

Dr. Irwin Levy, St. Louis, Missouri: I have no comment to 
make, but I was going to ask Dr Fields a question which is corol- 
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THE TREATMENT OF MENIERE’S DISEASE 
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hMrtst'tiic. 

Amovc. the %artons vcniijo '\mlromes lijdrops of liic In!))- 

nni!>, more rommonl) knm\n 05 NKmrre's th^cn^e. is <1 m.yor 
cause of the complaint of acme recurrent xeriic’jnous atnicks 
r.vperi opinions of treatmem arc often subjects of coniro\crsj and 
confusion Since the conditton results from an oiolottic di<ortler, 
tlic careful and complete otolottic examination is an important 
basis for correct diai’nosis lieforc treatment Flic tiistor>, phj’sical 
findings, and special awhological and \cstilmlar lest hmhngs arc 
known to follow a distinct pattern which usual!) leads to a dehmte 
diagnosis by the experienced examiner In tins regard there is 
unaniinit) of opinion among oiolt^ists 
^Vc^-An" cx.T^tfTrixTiT o/ (ffcntftf foe /rjc?roj7c k <^f<citrc<i hy 

the known tendenev of the disorder to spontaneous remission 
McNally' has pointed out that in lus senes of paiicnls spontaneous 
remissions of four years duration were not uncommon " He sug- 
gested that a patient should not be judged as cured until a 
symptom-free period of fne years has elapsed An additional factor 
whicli adds confusion, and which may be associated with remissions, 

*IrDm lb« IVpirlmrni of Oiotvyo^olw;), HjyJor Un»\«T»iiy CoDrgr of Mrclicinr, 
ftouston, Tfxw 
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IS that approximately tv.o thirds of ah patients improve regardless 
of the method of medical treatment 

Certainly, m assessment of any form of treatment, consideration 
should be given to control of the vertigo and tinnitus, and to tlic 
improvements of hearing Hearing improvement is possible in the 
early stages of the disease before irreversible changes occur in 
the cochlea In patients with longstanding recurrent hydrops, 
however, permanent hearing losses with severe tinnitus arc com- 
mon In these patients the control of vertigo is the only detectable 
criterion of response to the treatment Occasionally, in the chronic 
hydrops patient ail function — both cochlear and vestibular — is lost 
in the involved ear as a result of the pathological process It is 
apparent that valid assessment of treatment is both diflicult and 
confusing 

The therapy of hydrops of the labyrinth has been divided into 
two mam categories medical and sui^ical, with many types of 
diverse and often meflective measures in each group Since the 
cause of hydrops is not definitely knovvn, tlie many forms of treat- 
ment attempted witli varying amounts of success are readily under- 
stood In general medical therapy has been based on sedation, 
anti retention regimes and vasodilating drugs 

I MEDICAL TREATMENT 

Although therapeutic agents and methods of mamgcmcni have 
been numerous and varied, the earliest modern treatment which 
led to some success was that of Furstenberg** which was siimuhtcd 
by the work of Dederding Dederding considered disturbed water 
balance as a factor in Meniere s disease The therapy is based on 
strict adherence to a protein diet of low sodium content accom- 
panied by a diuretic in the form of ammonium chlondc ^^^llIc 
the treatment was effective in controlling the vertigo when the 
patients were maintained on the rigid diet under hospital con- 
ditions, \Villiams noted that outpatient treatment results were not 
as favorable This has been the experience of others also with 
this difficult form of management Perlman studied 15 hospitalized 
patients with Meniere’s disease and found liiat manipulation of 
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Godlowski has offered an interesting theory for the cause and 
management of hydrops of the labyrintli ** He believes the malady 
may be caused by a hypometabolic syndrome, cliaractenzed by 
inability of the organism to metabolize thyrovine at the cellular 
level Triiodothyronine was effective m affording definite relief of 
vertigo m 30 per cent of his patients, and some had actual improv e- 
ment of hearing Other forms of medical management had failed 
in this group In the patient with symptoms and signs suggestive 
of hypothyroidism, the hy^pometabolic state is diagnosed by the 
laboratory findings of low BMR (sedated), normal PBI, high blood 
cholesterol, low creatinine, and a flat glucose tolerance curve In 
a series of seventy four patients with Meniere’s disease, Godlowski 
found a related hypometabolic state m fifty -nine patients (79 7 per 
cent) In a study of tlnrty five patients vvitli otological findings 
typical of Meniere s disease m our series, Hofcr*» was able to 
diagnose the hypometabolic condition with the Godlowski method 
in fifteen patients (42 9 per cent) In eleven of these, the vertigo 
was improved, and in seven, all considered to be early hydrops 
patients, the hearing was definitely improved, especially for the 
discrimination scores The hyTiometabolic state as an associated 
factor m hydrops of the labyrinth appears to be worthy of further 
consideration and study 

Goldman believes that a major factor responsible for liydrojs 
of the labyTinth is hypoadrenocorticism ** Whole adrenal cortical 
extract with other glandular therapy has afforded relief in 90 per 
cent of his senes of seventy-five patients 

\VilIiams’ recent innovation which affords promise in the medi- 
cal treatment of hydrops is administration of lemon bioflavonoid 
complex* (cnodictyol glycoside), which is believed to improve the 
microcirculation in the stria vasculans** He reports that the 
vertigo is relieved m 90 per cent and the hearing improved m 
approximately 50 per cent of patients He carcfullv states, however, 
that “Since eriodiciyol produces, at times, a remission of the 
symptoms and signs of Mcnitrcs disease, whicli rapidly return 
on Its withdrawal, it would seem most doubtful that it corrects 
the basic fault ” 


*1 ipoflivonoid proiliict of Smilh Miller and Pitch 
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during medical therapy ha\c irreversible cochlear damage In 
such a patient, a destructive surgical procedure maj Ixr warranted 
if disease IS unilateral The patient who is in the carl> phase of ilic 
disease seems to Ijc the best candidate for a procedure designed to 
preserve the hearing Die patient with bilateral involvement (an 
estimated 10 to 15 per cent of patients with h)drops) would also 
l>c in this category 

Drainage of the Saccus Endolymphatlcus 

This operation was first reported by G Porimann, Sr, in 1927, 
and was designed to relieve the pressure in the endolymphatic 
system The endolymphatic sac vvas identified by way of the 
postauricular mastoid approach, and a drainage incision was made 
in the lateral surface of the sac Tlic vertiginous symptoms were 
controlled and the hcanng occasionally improved for a time, but 
healing of tlic incision in the sac frequently resulted in recurrence 
of the typical symptoms licit later used the Portmann procedure 
in seventy three eases He stated that the procedure olTcred a 
23 per cent chance of retaining the patient’s hearing and having 
relief from the tinnitus and vertigo Sixty -one per cent of the 
patients had improvement of the vertigo Pourtcen per cent vscrc 
failures He recommended the procedure as a preliminary to 
destructive labynnihotomy, which he recommended if the saccus 
operation failed 

William House has recently modified the Portmann operation 
by draining the cndolympliatic sac into the subarachnoid spice 
by the use of a silicone rublicr tube inserted through the media! 
wall of the sac TTic lateral wall of the sac is first incised via the 
mastoid approach and the sac entered flic medial wall is then 
incised and the tube inserted into the subarachnoid space A shunt 
for the release of /ircssure in iJicsac is thus created after the healing 
of the lateral wall of the sac 

House’s results with this procedure in twenty two eases, all six 
months or more postoperative are *• 

Succwful ca*« 

(llfarin? Improvrsl vm 50 elim naled Jind 
improve of linnif n) 

t'anul luccetJ ^ 

(The vcrtieo rliminated and the linn tur *ame 
or improved and prwure ferHiUon in the ear 

ahreni \o improvrrnent in hearin?j 

Fa lure* ^ 
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House IS now limiting the sundry to those patients believed to 
Jiave reversible cochlear changes, those who have Jess than a 
50-decibel loss for pure tones, with a low tone loss that is greater 
than that at the 2000 frequency He gives such a patient a prog- 
nosis of three out of four chances of success Tire failures arc 
thought to be due to fibrous closure of the sihcone rubber prosthesis 

Intracranial Nerve Section 

Section of the eighth nerve was first reported by Dandy in 1928,'* 
and, in 1941, he suggested a modification of the procedure, con- 
sisting of hemisection of the eighth nerve, sparing enough of tlic 
nerve to allow cochlear function to be preserved (McKenzie was 
the first to report partial division of the auditory nerve)*® 

In a report of Dandy’s senes of hemiscctions of the eighth nerve, 
Crowe** stated that the lieanng was preserved m only 22 per cent 
of the patients In the other patients, the hearing was lost immedi- 
ately or deteriorated rapidly m the operated car after surgery 
Walsh and Adson,** as well as Putnam,** reported that consistent 
results Nvere not obtained in control of \crtigo and preservation 
of hearing by intracranial nerve section of the eightli nerve 
Rasmussen illustrated the varnbilily of the eighth nerve patterns 
as a reason for the failure of intracranial nerve section His 
studies showed that in the area exposed by the posterior fossa 
approach there is an intermingling of the vestibular and cochlear 
fibers in each division and that separate “pure” nerve bundles 
are seldom found For this reason, jt is highly possible that few 
patients in Dandy’s senes retained serviceable hearing Schuknecht, 
for example, has shown that although 75 per cent of the neurons 
of the cochlear nerve may be destroyed before appreciable pure 
tone changes occur, the patients have poor speech discrimination 
and hearing that is not serviceable for verbal communication ** 

Ait}>£>ugb JrcAa.vrJ*’ orjffujaJiy Savored lotracraosai djvjsioo of 
the vestibular portion of the acoustic nerve, m a discussion of 
Lathrop’s paper, he expressed doubt that intracranial nerve 
section was the treatment of choice, since the progressive nature 
of the hearing loss was unaffected by nerve section ** 

Recently, House divided the branches of the vestibular nerve 
in the internal auditory meatus by the temporal approach to the 
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middle cranial fossa for relief of \ertigo and preservation oflicanng 
m endoI}TOphatic b)drops*« He has, houever, abandoned this 
approach because the increasing heanng loss associated vsiih pro- 
gressive pathological changes in the inner ear is in no wa) affected 
b> nerve section Thus, the procedures for section of the vestibular 
nerve have no advantage over labynnthotom} , and the morbidit) 
associated with nerve section is much greater tlian for the latter 
procedure For these reasons, it is apparent that intracranial nerve 
sections are no longer favored in the treatment of patients with 
h> drops and, in fact the operation is seldom performed toda> 
for the conirol of hl^nieres disease 

Sympathectomj 

The rationale of s^mipathectom), cervical or dorsal, is based on 
the concept that interruption of the svmpathetic chain on the 
involved side will restore normal blood and endolymphatic circu- 
lation of the labyTinth, and will relieve intraJabyTinthme pressure, 
reducing the likelihood of permanent cochlear damage ** 

Passe has been the principal advocate for sympathectom) ** " 
He used novocame block of the cervical or paravertebral sym- 
pathetics preoperativeK to determine whether surgery would be 
of benefit If the patients heanng was improved in the involved 
ear after the injection the sympathectomy procedure was con- 
sidered indicated 

A dorsal svmpathectomy , a modification of the Smithwick 
operation was performed Tlie second and third ganglia were 
decentralized by cutting the communicating rami to the cor- 
responding intercostal nerves, and the trunk was sectioned between 
the third and fourth ganglia The operation is, essentially, a pre- 
ganglionic section of the sympathetic nerves Tlie first doml 
ganglion is left intact to prevent Homers syndrome 

Passe stated that, when performed properly, sympathetic de- 
nervation gave permanent relief of symptoms His results in 
eighty eight pauents were 

\u7iter \timieT 

Duration Strue OJ Conpteteir Rrevtifnl arts 

Operation Casts Rtbe rd t/a;of \finM 

3 to 3* 2 jears 
2 to 3 >can 
1 to 2 

1 to 1 lii >ear 
Total 
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Passe reported that the hearing improved in the early cases 
in whicii the heanng waa not severely impaired, but that no 
hearing improvement occurred if the deafness uas severe The 
amount of hearing gain to be expected could, howev er, be ascer* 
tamed before surgery by means of novocame block 

Harrison and Naftahn reviewed a senes of forty-three patients 
treated for Meniere’s disease by cervicodorsal sympathectom> 


They reported these results 

Vertico 

Much improved 

or improved worthwhile benefit 

29 (67^^) 

Worse or 
not improved 

14 (33%) 

Hearing (Report on lAofHarrjson* cases) 

Improved 

•4 (28 5%) 

Unchanged 

8 (57%) 

Won« 

2 (14 5%) 

TiNNrrus (Report on 14 oC Hantson » cases) 

Same 

9 (35 7%) 

Less 

4 (57%) 

Worse 

V (7 2%) 


Prom these results, they concluded that there was a place for 
sympathectomy in the treatment of Meniere’s disease, particularly 
in instances of bilateral involvement when the heanng is deter- 
iorating on both sides 

Seymour has stated that when medical therapy fads the ideal 
procedure is sympathectomy, but that the limitations and com- 
plications of this form of therapy arc well known®' Despite the 
very satisfactory results of sympathectomy in cure of vertigo, there 
is, according to this investigator, a certain number of cases in 
which relapse occurs In his experience, the relapses were partial 
in that the preoperative seventy of symptoms did not recur He 
believed that the failures were attributable to 1) functional 
reorganization of the sympathetic pathways by way of the inter- 
mediate sympathetic ganglia, or by the phenomenon of collateral 
sprouting from intact fibers, or 2) the fact that the upper limit of 
the thoracolumbar outflow is higher than T-! and may rise as 
high as C-7 

Golding-Wood revievved the reasons for reserve m acceptance 
of sympatliectomy and stated that the procedure “lias inlierent 
disadvantages, for frequent restoration of sympathetic innervation 
is well substantiated, even though its nature is disputed He 
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a^eed with Ross** that “too often this recurrence of s)inpathcuc 
activity has resulted from anatomical defects m technique,” but 
concluded that recurrences are out of the surgeon’s control, at 
least in part It is not surprising that s>'mpathectomy has been 
received with reserve, since the variations in the t>’pe of operation 
have varied so widely 

Golding Wood** has found syTTipathcctom) to be indicated in 
early cases, when, as Wilmoi^* has pointed out, Meniere’s disease 
is in a reversible state 'Die procedure is particularly indicated in 
bilateral cases, and the results are best when the pure tone hearing 
loss averages less than 60 decibels 

Golding Wood** lists Homers syndrome, nasal congestion, and 
brachial neuralgia (usually transient), as sequelae of the operation 
The advocated procedure is bilateral resection of the cervical s>m- 
pathetic chain from above the stellate ganglion to below the third 
thoracic ganglion Since a bilateral Homer’s s>ndrome is produced 
by this approach the cosmetic defect is minimized Golding- 
Wood s results in ninet> -three patients, all of whom had received 
extensive medical therapy before surgery, are 


Two AND ONE 

itsLf TO Six year Resclts in W Patiewti 

Vertigo 

Ceased 

60^ 


Lessened 

25% 

Resultiiimilar lo 

Unchanged 

10% 

those obtained by Passe 

Relapse 

5% 


Hearing (tmproed speech 

apprecialion) 


Substantially improved 

23% 

Resulu similar to 

Slightly improved 

45% 

Unchanged 

20% 

those obtained by Passe 

Later deterioration 

12% 


Tinnitus 

Relieved 

28% 


Red uccd 

31% 

Results similar to 

Unchanged 

36% 

those obtaioetl by Passe 


In conclusion, Golding Wood regards s>-mpathectom> and lab>- 
rinthectomy as complera-ntary, since sj'mpathcctom) is believed 
to be of greatest use meases without severe hearing loss, particularly 
when both ears are involved 

It IS evident that sympathectomy has not gained general ac- 
ceptance, since relativ cl) few of the operations are now performed 
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Ultrasonic therapy 

Tins type of treatment is listed as a sut^cal measure since an 
operative procedure is required before effective ultrasonic therapy 
can be applied According to Gr^g, ultrasonic radiation has six 
different effects on living tissue cells 1) agitation 2) ca\ nation, 
3) temperature nsc, 4) alteration of pH, 5) chemical changes, and 
6) increased permeability ** 

Arslan* reported a method of ultrasonic destruction of the 
vestibular apparatus, and, since that time, James,** Lumsden,** 
Altmann,‘ and Ariagno* have published tlieir results ivitli this 
type of treatment The intent of the procedure is destruction of the 
functional activity of the vestibular end organ mthout damage to 
the cochlea When there is useful hearing in the affected ear, or 
the opposite ear is also affected by hydrops or deafness from some 
Other cause, James** believes that the ultrasonic method is indicated 

While Arslan* and Lumsden** believe tliat the thermal effect 
IS one of the important factors m destruction of the neuroepithe- 
hum of the enstae and maculae of the semicircular canals, utricle 
and saccule, James** controls the thermal factor by continuous 
irrigation m the ear during application of the ultrasonic energy 
He believes that excessive production of heat at the tip of the 
applicator has been responsible for the facial paralysis which is 
the mam complication of the treatment fty use of the irrigation 
method, this complication is now avoided James believes the 
important factors in ultrasonic destruction of the neuroepiihelium 
are agitation and cavitation, and that the resulting increase in 
cell permeability after treatment may bring about reduction of 
the endolymphatic hydrops 

In the Arslan method,* the patient is prepared for ultrasonic 
therapy by exposure of the lateral semicircular canal in the 
affected ear via the postauncular mastoid approach Local anes- 
thesia IS used so that an observer may note the alterations in nystag- 
mus during the treatment The lateral semicircular canal is thinned 
With a polishing burr in order that an effective dose of ultrasonic 
energy can be applied to the contents of the labyrinth James** 
has demonstrated that it is necessary to thin the bone to the extent 
that there is less than one millimeter of thickness remaining before 
tlie ultrasonic energy can be successfully transferred to the inira- 
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labyTinthme fluid Once the energy has penetrated tlie bony laby- 
rinth the eneigy travels m the fluid of the labyrinth, being reflected 
by the bony walls Because of the position of tlie vestibulocochlear 
junction m the bony labynnlh, the energy does not really pass into 
the cochlea, according to Anagno,* and thus destruction of cochlear 
function does not occur 

The transmission of ultrasound in bone is very poor, the half 
intensity distance being 0 5 millimeter as compared to 15 meters 
half intensity distance in perilymph and endolymph Tlie prox- 
imity of the facial nerve, cochlear nerve, cerebellum, and the 
temporo-sphenoidal lobe necessitates limitation of the effects to a 
small region Since ultrasound is not transmitted well in bone, 
these areas are not damaged v^hen the dosage is properly controlled 

In experiments with cats. Brain and associates have shown that 
no changes in adjacent intracranial structures occur after applica- 
tion of ultrasound * The early effects in the experimental animals 
were found to include vasodilation, increased capillary permea* 
bihty, and the appearance of protein exudates in tlie endolymph 
and perilyTOph Degenerative changes in the neuroepiihelmm arc 
observed later \ significant heating effect was, however, noted 
in the labyrinth during ultrasonic application 

Extensive modifications of the Arslan technique have been nndc 
bv James The addition of continuous irrigation to control the 
detrimental thermal factor and to avert development of facnl 
paralvsis has been adopted and practiced by others, especially 
by Altmann' and Anagno * In the James method, an additional 
feature of the irrigation that has been found to be essential is 
maintenance of a film of liquid between the applicator lip and 
the bone to insure effective transfer of ultrasonic energy into the 
labyrinth \ small amount of continually circulating liquid, de- 
livered at a constant temperature of 37® C , provides this coupling 
f}]m aj3£j aJso cfujtnbujes io the tip cooling Among the improve- 
ments made by James in the Fedcnci applicator used by Arslan 
were more efficient control of the beam, increased efficiency in 
the cooling system within the applicator, and new methods of 
measuring the ultrasonic output Tlicse improvements allowed for 
reduction of the time of effective application to ten minutes as 
compared to the hour previously required Recently, James has 



The Trealtnent oj Mentae s Disease 


353 


designed a ne\v' applicator which he belie\es will oxercome all 
of the deficiencies of the Fedenci applicator, sucli as excesswe 
production of heat at the tip of the applicators, inefficient control 
of the direction of the beam, and variations in tlie output of 
ultrasonic energy 

The advocates of ultrasonic tlierapy believe that the method 
has definite promise but all point out that the risk of facial paral- 
ysis IS definite They also agree that destruction of vestibular 
function cannot be achieved with certainty on the first application 
m every case James and Alimann concur in the hope that with 
improved techniques and equipment excellent results will be 
achieved with ultrasound in the control of vertigo, with retention 
of hearing in the majoritj, and with improvement of hearing in 
some cases They find that undertreatment is the mam cause of 
failure with this method 

AUmann reported these results with ultrasonic therapy ' 


Vertigo 
t20 eases 


Cured 

Improved 

Unrelieved 


0 cases 
Cured 
Unrelieved 


t/lrr one rac/iaem 
77 164 * 7 ) 

)2 

ai (26 c) 
120 (100* e) 
t/ler (no ndtaUons 


3 eases 
Cured 
Improved 
Unre)ie»ed 


AJler three tadtaUons 


Hearing 
112 eases 
Improved 
Unchanged 
Worse 
Lose 


12 (n*>) 

74 (6$*^) 

21 (18*7-1 

5 ( 5 %) 

112 (100‘f,) 


All cases were reported more than six months post treatment. 
James reported these results in 162 cases ** 

Vertigo {162 eases) Hearing {162 eases) 

Cured 81*7. Improved 22% 

Improved 12% Unchanged 46% 

Unchanged 7% Womc 28% 

L051 4 % 
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A new ultrasonic applicator, knowTi as the three megac>cle cone 
IS now used ^Vlth this method his results in the last fort) patients, 
all of whom uere more than three months post treatment, were 


Vertigo {SOcases) 

Complete control 86*7 

Impro\ed 14*^ 

ItEARlsc {SOrases) 

Impro\ed 23*^ 

?>ot improved <9*^ 

Worse by 10 db 28 ‘“r 

Lost 0 


James like all other authors emphasizes the importance of 
using exhaustive medical therap> before resorting to ultrasonic 
treatment Lumsden** and Ariagno* have reported the disturbing 
fact that in their senes of patients treated with the rcdenci equip- 
ment the postoperative variations of heanng arc compatible with 
the usual fluctuations m \feniere s disease Anagno said, “this 
supports the contention that the onlv therapeutic cflcct of ultra- 
sound is destruction of the neuroscnsor> epithelium m the vcsii 
bular labvTinth and not an alleviation of the basic pathoph)'siolog) 
responsible for the production of endoljmphatic h) drops” 

James methods and results vviih ultrasonic therap) are con- 
stantl) improving It will be extremelj interesting to observe his 
senes of patients to deiermme whether the known ultrasonic eflcct 
of increasing the permcabiht> of the tissue cells will be beneficial 
in effecting control of the progressive physiopathological process 
of endohmphatic h>drops as he believes it ma> do It is hoped 
that the promises afforded b> the improved procedures vsill be 
full) realized 

Destructive Labyrinthotomy 

Cawthome* * and Da>’» ** have been the pnncipal proponents 
for this type of treatment The operation is indicated wiicn only 
one ear is affected and when deafness in the involved ear is severe 
and IS associated with distortion of sound perception Under these 
circumstances the car is not only useless for heanng but is also 
a distracting influence that affects the heanng efficiency of the 
uninvolved ear In Day’s senes of 1500 patients treated for endo- 
lymphatic hydrops, destructive labyrinthotomy was performed in 
10 per cent of them '* 
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nnth • We have rccentl> combin«l tJic Cauthomc 1 anc{ /I 
operations m order to Ijc certain that tiic membranous lab>nntli 
IS comp!etcI> remosed One Lno%\n failure lias occurred in our 
senes of t\\ent)«four Cawthorne I operations 

Lemperi” has reported a method for destruction of tlic laby- 
rinth through the o\al and round windous m 1948, and Schuk- 
necht, in 1960, has used a similar approicii for the dcsirucinc 
procedure Tlie chief concern in regard to the dcstnictnc 
operation is the possibiht> of future imoUcmcnt of the opposite 
ear, since the operation completely destroys the residual hearing 
m the invoUed ear Cauthornc reported tliat eight per cent of 
his operated cases de\ eloped hydrops in the other car While this 
IS indeed a cause for concern, careful selection of patients for the 
destructise procedure uiih choice onl\ of those uhosc lieanng 
IS irretriesably lost, tends to some extent, to mmimirc the danger 
The operation is houcser performed witli some reluctance for 
this reason 


DISCUSSION 

\Vhen tile many advocated meiliodsof trcnimcni arc considered, 
It is evident that the cfTrciency of any one form m control of the 
malady ts open to question csccpc that of destructive hhy* 
rinthoiomy Proponents of each method, medical and surgical, 
claim cure or improvement of vertigo m 50 to 80 per cent of tarh 
series of patients Claims of restoration of hearing arc mote inotlest, 
uhich IS understandable, since irreversible damage to the cochlea 
may have occurred before the process was controlled Assessment 
of therapy is furtlicr clouded by the fact that spontaneous remis- 
sions are frequent in the natural history of the disease Actuill), 
Williams” believes that since Meniere's disease Ins, as its back- 
ground, an individual mhented tendency tovsard autonomic dys- 
function, a cure cannot be expected In bis sumnuiiion of medical 
therapy he says, ‘ Medical treatment can accomplish no more than 
to throvs the patient into a remission, which occasionally can l>e 
maintained by dietary control and therapeutic measures for an 
indefinite time, but tlic tendency toward recurrence of symjitoins 
under the stress of infection, fatigue emotional jxrttirbations, or 
entlocnnc disturbances such as the menopause remiins 
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In none of the methods of treatment reported, except for 
destructive labyrinthotomy and eightli nerve section, has an 
adequate period of time elapsed after treatment for true evaluation 
of the method to be possible McNally, who reports remissions 
of as long as four years, has suggested as a criterion a five-year 
symptom-free interval before any patient is considered to be 
definitely controlled by any method of therapy, and, in the interest 
of accuracy, this suggestion appears to be a realistic one 
None of the reports are based on sufficient data to allow ade- 
quate assessment of a given therapy Controlled studies that entail 
a proper time interval of symptomatic relief, strict criteria for 
diagnosis before institution of therapy, and such interim studies 
during treatment as audiological tests, including discrimination 
tests, and vestibular tests have not been reported for numerous 
reasons Until such material is available for study a precise eval- 
uation of any method is impossible 

It 18 to be hoped that the results of the most recent methods of 
treatment (the metabolic therapy advised by GodJowski** and 
Goldman,** the lemon bioflavonoid therapy of Williams,** the 
subarachnoid shunt operation of House,** and the ultrasonic 
therapy of Arslan* as modified by James**) will be reported in the 
future in such a detailed manner that scrupulous assessment and 
evaluation of the methods can be made The use of facilities now 
available for study of the various methods siiould contribute 
materially to progress m the therapy of cndoljmphatic hydrops 
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DISCUSSION OF CHAPTER XV 
Dr Richard Bellucci, New York, New York I would like to 
ask Dr Guilford if he places any value on the hmintion of smoking 
during medical treatment 

Dr Frederick R Guilford, Houston, Texas I think tlial the 
importance of this factor is empirical, lo some extent, hut «c do ask 
our patients to stop smoking 
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Dr. John R. Lindsay, Chicago, Illinois’ Mr Cawthorne, %\e 
\vould like to hear from you 

Mr. Terence Cawthorne, London, England. I must say first 
of all how much I enjoyed Dr Guilford’s interesting, compre- 
hensive, and thorough presentation of this difficult subject 

I would like to mention briefly the work of Mygmd, an otologist 
in Copenhagen, and his associate Dederding, a physician who had 
Meniere’s disease Between them, they started off this idea of water 
retention, and later on, Furstenberg showed that the retention of 
salt was V ery important 

My own feeling about the sodium poor diet is that it is probablj 
effective when the patient is in the active phase of the disease 
Meniere’s disease has two phases, acme and inactive, and when 
the patient is v’ulnerable tn the acave phase of the disease, then 
I believe the limitation of sodium is very valuable If the patient is 
m the inactive phase, I do not think it matters Perhaps the reason 
why some of the patients have been able to take salt without ill 
effects IS because they may have been m the inactive phase 

In tlie past few ^ears I have lived through a lot of these various 
forms of surgical treatment of M^niire’s disease 1 have been re- 
sponsible for two of operations, but I am not particularly 
proud of them because the) are destructive operations, and our 
objective is to find a procedure that is not a destructive opera- 
tion I found It difficult to gel very excited about the S)’mpathetic 
operation or even about ultrasonic therapy because I remember 
some time ago when alcohol was being injected — when diatherm) 
was being used — I felt then, and I still feel that powerful agents of 
tissue destruction should not be introduced into this anatomicall) 
crowded area One knows only too well that facial nerve paralysis 
Thesefare, 3 See} ihst we get JJbAS 
technique down to an e\act science, as with stereotaxic procedures 
in the central nervous system, 1, for one, shall wait until that hap- 
pens before advocating its use 

I think our greatest hope lies in the use of the endoljTnphatic 
shunt operauon I have introduced tvvo types of operation of my 
own, but I have always wanted to find an operation that is not 
destructive I behevcthalthcprocedurcofDr William House gives 
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us the greatest hope so far I am quite excited about it Dr House 
performed this operation on one of our patients uhen he u as at 
Queen Square last >ear This patient had a hearing loss of 60 
decibels, so the hearing did not improve, but the patient has had 
no further attacks I plan to trj this method uithin the near future 
Dr Franz Altmann, New York, New York There is very little 
that I can add to Dr Guilford’s excellent report In destructive 
labyrinthine procedures I have found it useful to fill the vestibule 
with small bone chips after removal of as much of the membranous 
labyrinth as possible It is hoped, that in this vvaj a progressive ossi- 
fication of the labyrinthine cavities v\ill develop, with elimination 
of the parts of the membranous labjnnth which had remimed un- 
affected b> the operation 

Dunng the last few months in Presb>tenan Hospital in New 
York, we have also been using a three megac>clc cone (the appa- 
ratus devised b) KosofT, Commonwealth Laboratones, S>dnc>, 
Australia) which is ver) similar to that b} AngelJ James We find 
this applicator far superior to that of Fedenci We hope eventually, 
as we become more familiar v\ith its use, to be able to eliminate or 
at least to greatl> reduce the incidence of facial paralysis which is 
the most serious complication of the ultrasonic treatment of 
Meniere s disease 

Dr William F House, Los Angeles, California I would like 
to make a couple of comments 

First, I concur with Mr Cawthornc’s statement that Dr Guil- 
ford has done a wonderful job of summarizing a most confusing 
subject I spent a couple of years trying to summarize this myself, 
and I think it is the most confusing thing that I have come across 
The One thing that seems to stand out in llic pathology of 
Meniere’s disease is the presence of hvdrops in all of the temporal 
bones that have been collected Tliercfore, it seems that the most 
logical thing to do would be to try to relieve this condition prefer- 
ably , to prev ent its dev clopmcnl, if possible 

The methods of relieving the hydrops, at least the only one that 
seems practical, is the procedure of Portmann Tins procedure v\ as 
the only one that seemed to ment any promise in tiic hlcraturc, and 
tliat was my reason for following this method and modifying it lo 
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some extent The question asked most often regarding this operation 
IS whether the endolymphatic pressure is higher than the spinal 
fluid pressure This is a difficult question to answer because I do 
not think that anyone knoivs what the endolymphatic pressure is 
Perhaps it is a little naive to assume that there is an endolymphatic 
pressure If you ask me what a patient’s blood pressure is, I usually 
reply by giving a range between systolic and diastolic pressures 
The same thing occurs in the spinal fluid pressure which vanes 
widely with the position of the patient and with such things as in- 
creased intrathoracic pressure, et cetera I believe that the fluid 
pressure of the inner ear also vanes greatly and is intimately re- 
lated to the spinal fluid pressure Ultimately, it may be possible to 
ascertain the inner car pressures by a study of the spinal fluid 
pressures 

Second, I would like to comment on the section of the eighth 
nerve, at least the vestibular portion I feel that possibly this is a 
valuable operation in certain cases Those patients who fail by what 
we might call conservative surgical procedures are probably 
amenable to section I think the nerve section operation will relieve 
the vertigo in \ irtually all cases, and this has been the expenence of 
Dandy and McKenzie However, in the situation with tinnitus, it 
has been my impression from the literature that only about five per 
cent of the patients have had relief of tinnitus following labynn 
thotomics and labynnlhectomies, whereas in reports of Dandy and 
McKenzie the ratio varied between 35 per cent in partial sections 
and 45 per cent in total sections 

After hearing Dr Rasmussen’s comment regarding the sympa- 
thetic supply coming through the nerves to the vestibular nerve, I 
think 1 Will go home and again review the fourteen cases of nerve 
section which we did for Meniere’s disease and see if the hearing m 
these patients has varied It was my impression that their hearing 
vaned according to the natural history of the disease Obviously, 
through the middle fossa approach to the internal auditory canal, 
you can section the vestibular branches of the nerve and at the 
same time section branches of the nerve which may be sympathetic 
nerves, and therefore this might result in vasodilatation in the 
labyrinthine vessels 
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I again uant to express my apprecntion for this symposium I 
think that this has been a very enlightening experience for all of us 
and I hope that we will liave the opportunity of having such a 
symposium again in the near future 

Dr Guilford The remarks that I made concerning section of 
the eighth nerve and the Rasmussen studies of tlic eighth nerve 
patterns involve that portion of the nerve which is approached from 
the posterior fossa and do not have any relation to the pattern of 
nerve branches involved in Dr Houses middle fossa operation 

Dr Theodore Kurze, Los Angeles, California One answer 
that may be of some value regarding the endoljanphatic pressure 
for Dr House s shunt operation is that the spinal fluid pressure in 
the cerebellopontine cistern in the upright position is less than 
zero, It is approximately minus five centimeters of vvatcr in the 
foramen magnum, and the zero point m the upnglit position is 
midway between the nglit auricle and tlie foramen magnum So, 
whether he has positive pressure m tlie endolyanph might not be 
necessary since it is zero on the other side in the upright position 
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medial preolivary nucleus histo- 
logical illustration. 17 
sue axons in, 17 
streams degeneration produced 
from Jrsions, 13-14 
rectobulbar tract, M, 16 

iCTRunalion degenerated fibm, 14- 
16 

dual innervation hair cells of organ 
of Ckirti, 6-7 

effcrenuofcochlear nervc.diagram, 
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efferents of cochlear nucleus, dia- 
gram, 6 
idea of, 19 

ph>-siological significance of theory, 
20 

theory of Engstrom, 6 
efferent connections m centra] ner 
vous s>-stem, 7-10 
application Koellc's histochemtcal 
method, 7*10 

cells of posterior scntral nucleus, 
8, 9 

cells of trapezoid nucleus, 10 
efferent synaptic connections, 9 
efferent vestibular fibers, 22 
endings arising from cochlear no- 
cleus, 10 

hosiological illustrations, 8, 10, II 
multipolar cells, 9 
staining properties of \estibular 
efferent fiben 22 

use axonal degeneration studies, 9, 
10 

Koelle 8 histochermcal method, 7«10 
application, 7*10 
modified 7 
onginal, 6 7 

stages of process of hearing, 24 
central, Ste Central heanng mech- 
anism 

peripheral, Sit Peripheral hcaruig 
mechanism 

Auditory tests for disorders of the central 
auditory mechanism, 77-85 
auditory discrimination abihty 87-88 
binaural interaction effects, 78 79 
‘ central deafness,” 77 
competing message 78 79 
cortical deafness, “"S 
guidelines for future development 
Of, 84 

lesions and threshold acuit>, 78 
rcdundanc> of speech and, 78 
study effect lesions on abiLry lo un- 
derstand verbal material, 79-84 
mtelligibihty tests, 80 83, 87 
threshold acuity, 80, 81, 86-87 
unusual intracranial neural lesions 
and, 88-90, 92-93 
use \fatztcr technique, 90-91 


using speech material, 90 

work wiih nionkc>-s learning human 

spe«h, 92 

Aural vertij^o 
causes of, 278-282 
epidemic labyrinthitis, 281 
infective bb)'nnth]iis secondary to 
Otitis media, 282 

Nffnifre's disease, St, MfniJre’s 
disease 

meningococcal meningitis, 282 
neurolabyrinthitis complicating 
ntumps, 282 

paroxysmal positional vertigo and 
D)'stagmus, 281 
penlahjTinthitis, 282 
vesfibijLar neuronitis, 281 
Autonomic moipr ouillow to vestibular 
ftimuUtion, 203-209 
effect of temporal summation, 204- 
206 

habituation and central nervous con- 
trol. 206-027 

interacti(>n hmbie and vestibular In- 
fiuenct^ upon vagal outflow, 207- 
208 

threshold differences to, 208-209 
vesiibuloxagal responses, 204 

C 

Central autlitory mechanisms, 51-58 
activation cortical areas by sounds as 
predicted, 51 

auditory tests for disorders of, Stt 
Auditory tests 

cochlea ‘‘unrolled” at important nu- 
clei m auditory pathway, 52 
learning, 56-58 
conditioned responses, 56-57 
clectncal activity aceompan)ing. 
5? 

geoetig code and. 58 
glial cells and, 60 
rev ersibihty of conditioning, 57 
ribonucleic acid content and, 58 
studies on vestibular neurons, 57-58 
localization, 55-56 

accessory nucleus cells reaction, 55 
binaural auditory, 55-56 
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nonsuiceptihility of to damage, 77 
physiology of, 51-58 
pitch, 53*54 

auditory nerve information defined, 
54 

response basilar membrane to a 
pure tone, 54 
role of cochlea, 54 
threshold curves of brain cells for 
cuciiation and inhibition, 52 
lonotopic organization in cochlear 
nuc/eus, 53 

CcrebeUopontine angle tumors and in- 
fectiotis, vertigo due to. 285*287, 
288 289 

Cogan’s syndrome, 287 
CkingcRital nystagmus, 227 

£ 

Eocephalomyelttis viral, vertigo due to, 
290 

Epidemic labyrmthitii, 281 
Epilepsy, vertigo due to, 292, 293 
Equilibration mad, defined, 195 
Eye movements, 150 184 
ascending vestibular projections and 
conjugate horizontal, 150-184 
bilateral lesions of MLF near ab- 
ducens nuclei in monkeys, 155- 
161 

bilaterai paresis ocular adduction, 
photograph, 157 
cellular changes, 160-161 
changes m eye movements, 155- 
156, 176 

combined bilateral paresis ocular 
adduction and abduction, jiho- 
tograph, 157 

degeneration from, 158, 160 
histological illustrations, 157, 159 
reptilian stare characteristic of 
lesion, photograph, 157 
results of study, 176 
conjugate horizontal eye movements 
conclusions regarding disturbances 
of, 182-183 

effects bilateral destruction vestib- 
ular nuclei, 152 


eJemeuts syndrome paralysis of, 
179-180 

hypotheses r^arding disturbances 
of, 183-184 

inffuence various neural systems 
on, 152 

mechanism of, 150*151 
paralysis of, 154, 155 156, 161, 168, 
170, 176, 178*179 
production of, 151-153 
role of medial longitudinal fascio 
ulus, 154 

study disturbances of due MLF 
lesions, 154-155, 174-184 
syndrome of the MLF, See Inter- 
nuclear ophthalmoplegia 
conjugate vertical eye movement 
deviation following destruction ves 
tibular nuclei, 152 
production of, 151 

descending pathway to vestibular 
nuclei, 152 

fibers of medial longitudinal fascic- 
ulus, ISO, 175-176 
lesions of abducens nucleus in mon 
keys, 168-174 

anatomical effects abducens nerve 
section, 180 
cellular changes, 174 
changes m eye movements, 168* 
170, 178-179 

degeneration from, 170-174 
histological illustrations. 169, 173 
monocular horuontal nystagmus 
in left eye, photograph, 169 
origin ascending fibers, 1 80 
paralysis conjugate horurontal gaze, 
photographs, 169 
persisterit head tilt, photographs, 
169 

results of study, 176, 178-180 
syndrome of the MLF, See Inter- 
nuclear ophthalmoplegia 
kstons of medial loaguudina} fascic- 
ulus in monkeys, 155-168 
bilateral lesions of near abducens 
nuclei, 155-161 

unilateral lesions of near abducens 
nucleus, 161-165 
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unilateral lesions of near trochlear 
nucleus, 165-168 

paresis ocular adduction and site of 
lesion, 190 191 
studies by Fluur, 150 151 
summary and conclusions of studies, 
182-184 

syndrome of the MLF, Stt Inter 
nuclear ophthalmoplegia 
unilateral lesions of MLF near ab 
ducens nucleus in monkeys, 161- 
165 

cellular changes, 162, 164 165 
changes in eye movements, 161, 177 
degeneration from, 161-162 
histological illustrations, 163 
results of study, 176 177, 181 
uniUtetal lesions of MLF near the 
trochlear nucleus in monkeys 
16S 168 

cellular changes, 166, 168, 180 
changes m eye movements 165 
degeneration from, 165 166 
histological illustrations, 167 
results of study, 176 177 
vestibulo-ocular reflex arc, 151 152 


Histological preparations illustrations 
cells of posterior ventral nucleus, 10 
degeneration of tectobulbar area, 14 
lesion near abducens nucleus, 163 
lesion near trochlear nucleus, 167 
lesions of abducens nucleus, 169, 173 
lesions of medial longitudinal fascic 
ulus, 157, 159 

medial preolivary nucleus, 17 
multipolar cell, 8, 11 
retrograde cellular changes in lateral 
vestibular nucleus, 114 
vestibular nuclei, 116 
Hydrops of the labyrinth See Meniere’s 
disease 


Intemuclear ophthalmoplegia 

abducens nucleus and, 153, 176, 177, 
192 193 


anterior type, 153, 176-178, 183 
cause, 153, 176, 177, 181, 192 
defined, 153 

location lesion causing, 177 
posterior type, 153, 178, 183 
unilateral, 153 154, 176 177 

L 

Lipofiavonoid, use in treatment M6. 
nitre’s disease, 344 

M 

M6oiJre’s disease 

active phase, 279, 361 
as cause of aural vertigo, 278 281 
as representative migrame equna 
lent, 293-294, 304 
cause of, theories, 344 
character of hearing lo diseased ear, 
345 

defined, 341 

incomplete or temporary loss of ves- 
tibular function, 276 
knowledge of currently, 304 
management of pauent with, 280 
medical treatment, 342 344 
Furstenberg treatment, 342 343 
limitation of smoking during, 360 
of hypometabohe state, 344 
sodium poor diet during active 
phase, 361 
samaiary, 356 
to control attacks, 343 
use criodictyol glycoside, 344 
use histamine intravenously, 343 
prevention attacks, 280 281 
pscudo-Meniire’s syndrome, 290 
quiet phase, 279, 361 
recurring sudden vcsubular failure, 
276 

spontaneous remission, 341-342 
suigical treatment, 345-356 

criteria for conservative surgery, 
345 

criteria for radical surgery, 345-346 
destructive labyrinthotomy, 354- 
356 

discussion, 3S6-357, 361-362 
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drainage of the saccus endolymph- 
aticus, 346 347, 362-364 

endolymphatic shunt operation. 

361-362 

intracranial ncr%c section, 34/- 
348,363 

Portmann procedure, 346, 362 363 
procedures used, 345 
sympathectomy. 348-350 
ultrasonic theiapy, 351-354 

treatment of, 341-364 

discussion findings, 356-357 , 3 
364 

factors in, 342 
medical, 342 344 
surgical, 345-356 

Nfen.ngioma lymphosarcoma, vertigo 
due to, 286 

Metastatic carcinoma, vertigo due to. 
286 

Migrame anii 'Wigo, 253 25* 
of 

graine equivalent, 29a'295 
Mfniire’e dneaae a, mista'”' 'I"'”' 
lent, 293-294 
Stress and, 294 
treatment, 294 

Motion sietneu, S,, al.e VeitibuUe iieV- 

and autonomie motor out"ow M vea- 
tibular stimulation, 203-2W 

factors m susceptibility to, 20 
ion, tolerance for adaptation eqm- 
librium, 206-207 
origin of, 267 
treatment, 204 

Multiple sclerosis , 

a. La. common eaute of Icon of 
MLF, 153 . 

hearing teat rente of patienB -.dr. 

vertigo due to, 289-290 


app^rrt^S'm^ro nrme elinrcM 
practice. 217-220 


caloncally induced nystagmus, 227- 
229, 234-242 

advantages nystagmography during 

caloric test, 234, 240 
aim of, 232-233 
calongrams, 233 
case examples use of, 234, 240, 2 

differential diagnosis using, 232 235 
directional preponderance, 234- 
237, 240 

duration of in normal test subjects, 
graph, 235 

eye movements elicited by deep 
hypnosis, recording, 229 
Hallpikc diagrams, 237, 238, 239, 

241 

maximum eye speed of, 235 

measuTiPg duration of, 234 

normal recording, 229 

recordings, 227,228. 229.239, 241. 

242 

technique used, 232 
use hot and cold stimuli, 233 
defined, 217 

directional preponderance in nor- 
mals," 235-236 

during attack of M«ni6re‘s disease, 
recording, 226 

following labyrinthectomy, record- 

mgs,223. 225 

of patient with hypertonia, record- 
ings, 224 

optokinetic induced nystagmus, re- 
cordings, 219, 220 

otoneurological examination prior to, 

221 

prerequisites of, 216 

procedure used, 218-219 
Iwdy with alcohol mtoxiwuon m 
normal subjects, 229-232 
recordings, 230, 231 
use routional test. 246-247 
value of, 220-221 
Nystagmus 

alcohol gaze, 229-232 

blood alcohol concentrations and, 

232 

nystagmographs, 230, 231 
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aisocutcd with h>-penonia, 225 
n>-stagTiiograph, 224 
compensatory, 265 
congenital, 226 227 
due drugs, 243 

during attack of Meniere’s disease, 
225-226 

n>-staginograph, 226 
following labyrinthine desiruciion, 
222 

case report, 222 
nystagmograph, 223 
gaac, 218 
ocular, 226-227 

nptagmographs, 226 
optoktnetic, recording, 22!> 
paroxj-smal positional, 281, 291-292 
positional, testing for, 284 
purely rotatory, 217-218 


o 

Ocular nystagmus, 226-227 
Optokinetic induced n)stagmus, 218- 
220 

n>staginocraphs, 219, 220 

P 

raros>smal positional vertigo and n>-s> 
tagmus, 281, 291-292 
Penl3b>nnthitis, 277 
Peripheral hearing mechanism, 24-46 
amplitude distortion, 26-30 

column of Deiters’ cell as site of, 
28 29 

hair cell as possible source of dis- 
tortion, 29 

middle car as site of, 28 
origin of, 26-28, 30 
search for site of, 28-30 
auditory nerve responses, 34-43 
ampbtude modulation, 44-45 
cathodic summation, 42-43 
determiner of loudness, 42 
distribution fibers of, 39 
frequency modulation, 44-45 
frequency theories of, 35, 43-44 
perception of pitch, 37 


phase of tones and lime diffcreBce, 
44 

phasic firing, 37 
pitch discrimination, 39 
place Iheones of, 35, 43 
stimulus tntensiiy, 39-40 
sjmchninism v oJJey firing, 37, 38-39 
volley theory, 35-39, 43-44 
defined, 24 

evolution of v ertebrate ear, 45-46 
forms distortion in transmission sound 
' ibraiions, 24-30 
amplitude, 26 30 
frequency, 24-25 
phase, 25-26 

frequency disiortion, 24-25 
mov ements of Uasilar membrane, 30 
34 

aberrant blood vessel affecting, 
histological illustration, 34 
effects sounds at oval and round 
windoM-s on. diagram, 32 
formation traveling vvsvrs, 32 33 
patterns dispbcrmeni of, 31-32 
processes occurring in cochlea, 30 
propagation of traveling wave up 
the cochlea, 34 

reduction when round window is 
occluded, 30-3 f 

stimulation sensory cells organ of 
Com by, 31 
phase distortion, 25-26 
Peripheral vestibular disturbance, 274- 
278 

compensation for loss of one liby- 
rinth, 277 

disturbance of both vestibular liby- 
rinths, 278 

due streptomycin, 278 
gradual vestibular failure, 276 
uxtsmpleie or femporary Joss of ves- 
tibular function, 276 
irregular vestibular activity, 277 
latent tendency to nystagmus, 27S- 
276 

pcsitional vestibular failure, 276-277 
recurring luddi-n vestibular failure, 
276 

results hypoactivity recepiwt, 274 



Subject Index 


379 


sudden vestibular tailurc of one laby- 
rinth, 275 

Pinealoma, hearing test results on pa 
bents ivith, 88-89, 89-90 
Prydonnal spansules, use in treatment 
of Mfniirc’s disease, 343 


Rohnon, use jn treatment 0/ Mteiere’s 
disease, 343 


s 

Somatic motor outflow to vestibular 
stimulation, 195 202 
bulbar projections and descending 
vestibulofugal activity and, 196- 
197 

interaction vestibular and uiteneg 
mental proprcospinal reflex ac 
tivities, 198-200 

interaction vestibular and pyramidal 
activities, 201 202 

interaction vestibular and jegmeotal 
propriospinal reflex actmties, 
200.201 

modulation by neck proprioceptors 
and ccrebeUum, 198 
ventral root Rlamcnt recording dur 
mg, 197-198 

Screptomyan 

dosage required to affect balance, 278 
peripheral vestibular disturbance due 
to, 278, 290 291 

Syndrome of medial longitudinal fascic- 
ulus rostral, Ste Intemuclear oph 
thalmoplegia 

SynBgobuSbia, purely rwatwy nystag- 
mus in, 217 218 

T 

Temporal lobe tumors, use low piss 
filtering for diagnosis of, 78 

V 

Vascular disorders, effects on vestibular 
system, 305-333 


anatomical anomalies and, 311-316 
artcTiograins illustrating, 312, 314, 
315 

pathological specimens, 313 
symptoms, 339 

variation sue arteries, 311, 314-315 
anatomy of brain stem arterial cir- 
culation, 306-309 
basilar artery, 306 
blood supply to brain stem, dia 
gram, 307 

branches of artenal system m pos- 
terior fossa, 306, 308 
extracranial arteries, 308 309 
great vessels and course of verte- 
bral arteries, diagram, 309 
variations dutribution cerebellar 
artery, 335 

atherosclerosis and, 316 321 
arieriograms, 317, 319, 320 
basilar insufficiency 321 
case presentations, 316 321 
symptoms, 321 , 336 
basilar insufficiency, 309-31 1 
hearing of patients with, 337 
symptoms, 309*311 
vertigo and, 310*311 
ccnical spondylosu, 327 331 
arteriograms, 328, 330 
association atherosclerosis or ar- 
teriosclerosis with, 326-329 
case studies, 329, 331 
surgical treatment, 331 
use retrograde brachial arteriog- 
raphy, 326 

cervical trauma and cervical manip- 
ulation, 331-333 
Case study, 331-332 
transient episodes vertigo due to, 
331 

xcrtigo during administration cer- 
vical traction, 332-333 
“nhiplash” injury, 331 
conclusions, 333 
discussion, 335-340 
due hyperextension and extreme ro- 
tation liead and neck, 321-327 
arteriograms, 323, 325, 327 
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case illustrations, 324, 326 
use bilateral irifraclavicular sub* 
clavian catheterization, 322 
vertigo caused by, 324 
effect sludging of blood in the ar- 
terioles, 336*337 

factors influcDCing preMure and flaw 
m basilar artery, 311-333 
anatomical anomalies, 311*316 
atherosclerosis, 316*321 
cervical spondylosis, 327-331 
cervical trauma and cervical ma- 
nipulation, 331*333 
mechanical compression, 321*333 
mechanical compression of vertebral 
arteries, 321 333 
cervical spond>{osis, 327-331 
cervical trauma and cervical roa 
nipulation, 331 333 
complications in subclavian ar- 
teriography, 338 

due hyperextension and extreme 
rotation head and neck, 321* 
327 

source disturbance causing basilar 
insufliciency. 305*306 
use arteriography to study, 306 
Vertigo 

aeiaromy of balancing sense, 271-272 
basilar insufRciency, 310*311 
“benign vertiginous" states, 290*291 
epidemic vertigo, 291, 300, 301 
pseudo*M6ni}re's syndrome, 290 
symptoms of toxic substances caus- 
ing vertigo, 290-291 
“toxic labyrinthitis,” 290-291, 302 
vestibular neuronitis, 290, 300-301 
causes. See also Aural vertigo 

aneurysms uivolving vesubuiar di- 
vision eighth nerve, 286 
aural, 278*282 
cervical, 321 

infectious processes involving cere- 
bellopontine angle, 286 287 
lesions of cerebclloponiine angle, 
285*286 

occlusion, 288*289, 303*304 
vertcbro-basilar insufficiency, 273- 
274, 289 


defined, 271,283 

effect of a peripheral vestibular dis- 
turbance, 274 278, See also Per 
ipheral vestibular disturbance 
epidemic, 291, 300, 301 
following neurosurgical procedures 
337 

following whiplash injury, 302, 
“giddiness" versus true vertigo, 339 
head injuries and, 302-303 
nausea and vomiting wuh, 272 
tieurological aspects m differeninl 
diagnosis of, 283*296 
discussion, 298-304 
importance case history. 283-284 
organic causes, 285*293 
psychosomatic disturbances, 293* 
295 

symptoms of psychogenic origin, 
295*296 

testing for positional nysttgnius, 
284 285 

tests used, 284-285 
organic causes of, 285-293 
acoustic neunnoma, 285-286 
aneurysms iniolvtng vestibular di* 
vision of eighth nerve, 286 
basilax impression or platybnsn, 
2B7 

“benign vertiginous” stain, 290* 
291 

cerebellopontine angle lesions, 285* 
287, 288*289 
Cogan't syndrome, 287 
epilepsy, 292, 293 
infectious proccssn involving eere* 
bcUopontinc angle, 286*287 
inflammatory reactions in sul>- 
arachnotd space, 292 
meningioma lymphcsarcoma and 
rotational vertigo, 286 
metastatic carcinoma and rotv 
tional vertigo, 286 
multiple sclerosis, 269*290 
occlusion or insufliciency basilar* 
vertebral system, 288-289, 303- 
304 

paroxysmal vertigo, 291*292 
tumors, 285-286 
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vascular obstruction, 289 
vcrti,?inous epilepsy, 293 
vjral diseases of encephalomyclmc 
group, 290, 291 

otological aspects in di/Tercnfial diag- 
nosis of, 271-282 

position of patient during otological 
and neurological surgery and, 
337 

positional, 276-277, 281 
psychosomatic disturbances and, 293- 

295 

treatment, 294 
types stress, 294 

vertigo associated with migrate, 
293-294 

results studies at Mayo Clinic, 298 
299 

summary, 296 

symptoms causing trouble prior to 
diagnosis of, 272 273 
e/Tect on psyche, 273 
Synnptoms of psychogenic origin, 295 

296 

pattern behavior of patient, 29$ 
transition true vertigo to neurnttc 
phobic mechanism, 29S 
treatment, 296 

true vertigo nncomitantly sv,ih 
neurotic symptoms, 296 
• toxic libyrinthilis," 290-291 , 30j 
toxic substances causing, 290-291 
vertcbro-baSilar insufficiency, 273-274 
vestibular ncuroniiis, 290, 3CK1-30) 
vestibular sense of balance as a Spe- 
cial sense, 271 
visual hallucmatiors, 272 
use of term, 271 
Vestibufar nerve section, 94-97 
anatomy of efferent bundle, 94 
case report, 95-97 
effect on hearing, 97-103 
effect on tinnitus, 102 
increased heanng on contralateral 
Side following, 99-100, 101, lo2 
use to correct intractable vertigo, 
95-96 

vasomotor fibers to inner car and, 99 
vestibular test before and after, Ite 


vestibulocochlear anastomosis and, 
98-99 

Vesiibubr ncumniiis, 275 
Vestibular nuclei, 107-141 

anatomical organization and liber 
connection* of, 107-141 
ccrebeilovcstibuiar relations, 134- 
136 

dcs«nding (inferior) vestibular nu- 
cleus, 132-134 

lateral vestibular nucleus of Dcitcrs, 
113-129 

medial vestibular nucleus, 130-132 
superior vestibular nucleus, 129 
130 

vestibular nuclear complex and 
primary vestibular fibers, 108 
115 

cerebeJlovesiibular relations, 1 34-1 36 
cerebellar surface, diagram. 135 
cooperation vestibular, spina) and 
cerebellar mechanisms, 135- 
136 

libers to vestibular nuclei, I34-I35 
termination vestibular fibers* 134- 
135 

defined, 107.108 

descending (inferior) vestibular nu* 
cleus. 132 134, 141 
Cells in, diagram, 127 
degeneration of, diagrams, 110, 
117. 118 

fibers in. 131, 132-134 
histological illustrations, 133 
principal afferent and efferent fiber 
connections, diagram, 140 
secondary vestibulocerebellar pro- 
jection, diagram, 131 
dtscusstoR, 145-149 
efferent vcsubular fibers, 147-148 
lateral vestibular nucleus of Deiicrs, 
113-129, 136-137 

ccrebeilovcstibuiar projection, 119- 
120, I2I, 122 
concept of, 128 

degeneration of, drawings, 110, 
117, 118, 120, 125, 126 
distribution afferents, principles, 
diagram, 137 
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fastigiovestibular projection, 120- 
122 

fiber system of, 115-116, 119-122, 
123, 125-127, 136 
giant cells in, 124-125 
giant cells in, drawings, 124, 127 
histological illustrations, 114, 116 
principal afferent and efferent fiber 
connections, diagram, 137 
projections from cerebellar cortex, 
diagrams, 121 

retrograde cellular changes, 114- 
115 

sagittal projection of, drawing, 120 
somatotopic arrangement ongtn of 
fibers diagrams, 115 
spinal afferents, 116 119 
use of term nucleus of Deitcrs, ’ 
113 

utricular macula 128 129, 136 
vestibulospinal projection, 113 116, 
122. 128, 129, 148 
medial sestibular nucleus, 130 132, 
139 141 

fibers of, 130 131, 132, 140 141 
histological illustrations, 112, 116 
principal afferent and efferent fiber 
connections, diagram 139 
secondary vestibulocerebellar pro 
jection, diagram, 131 
source of afferents to, 132 
terminal regions of afferents, dia- 
gram, 139 

morphological analysis of, 136 
nuclear interconnections, 146 
superior vestibular nucleus, 129 130, 
138-139 

afferent and efferent fiber connec- 
tions, diagram, 138 
cells in, diagram, 127 
cerebellar influence of, 130 
degenerations of, diagram, 1 10, 1 12 
fibers supplying, 129-130, 138-139 
termmal areas of afferents, dia- 
gram, 138 

transmission impulses to, 107 
vestibular nuclear complex and the 
primary vestibular fibers, 108 
113 


architectonic differences of, 108 

no 

architectonic differences of, driw- 
ings, 109 

cell groups in complex, 108, 110 
degeneration vestibular nerve, 
drawings, 110 

distribution primary vestibular af- 
ferenu, 110, 112 
histological illustration, 112 
use of term ‘‘vestibular nuclei," 
112-113 

Vestibular sicknesv, 248-268 
cimical symptomatology in healthy 
subjects under study, 256-257 
comparison with L-D subjects, 259 
evaluating symptomatology, 256- 

258 

results of study, 258 259 
summary, table, 257 
vestibular psychoneurosii. 258 
clinical symptomatology in L-D sub- 
jects under study, 254-256 
comparison with healthy subjects, 

259 

results of study, 254 
summary , table, 255 
visual illusion of L-D and normal 
subjecu, 255-256 
force environments, 251-252 
counterrotating room expeiimcnii, 

252 

dial test. 251-252 
factors other than force, 253 
slow rotation room experiments, 
251 

implications of for space flight, 267- 
268 

‘ otolith sicLness,” 260 
precipitation of, 267 
prevention by drug therapy, 268 
procedures used to study, 253-254 
"motion sickness ' questionnaire, 

253 

pre-cxpenmentation interview, 

253 254 

prolonged exposure in constantly ro- 
tating environment, 260-264 
compensatory nystagmus, 265 
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Conolis illusion adaptation, 264- 
265 

general adaptation to, 261*264 
mechanuim in\oUed in adaptation 
process, 264*266 

Rjitagnius associated with head 
movements, graphs, 265 
oculograv ic illusion adaptation, 264 
oculogyral illusion adaptation 264 
post rotation effects, 266 
visual illusions and, 264 
signtficance fmdinp counterrotating 
and slow rotation rooms, 259 260 
“stomach awareness ’ 257 
subjects studied, 249*251 
clinical findings, table, 249 
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